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The

FLAG SHEET

MISSION REQUIREMENTS DOCUMENT
SL-3

purpose of the flag sheet is to identify portions of the Mission

Requirements Document (MRD) which are affected by either approved changes
or changes pending approval.

A.

B.

The

format of all medical and corollary experiments has been updated.

This format change was made as a result of mission planning simula-
tion experience and in coordination with appropriate elements of

JSC
1)

and MSFC. The basic changes in the format are:

The functional objectives (FO's) of a large number of the experi-
ments have been subdivided (increased) to aid status keeping.

Requirements for performance of the experiments have been
classified into three levels: Baseline Requirement, Minimum
Scheduling Requirement, and Performance Redline.

The Test Conditions section has been split into Performance
Conditions and In-Flight Data sections.

The Success Criteria section has been deleted.

A complete Section 3.2.2 is provided for the ATM requirements.

The following is a list of new DTO's appearing in this volume of the
MRD for the first time.

Experiment DT0's

M110

S150
$230

Hematology and Immunology Series

(Covers in-flight blood sampling for Experiments M112,
M113, M114, and M115)

Galactic X-Ray Mapping (B)

Magnetospheric Particle Composition

Student Investigations

EDT1
ED12
ED21
ED22
ED32
ED52
ED63
ED74

Atmospheric Absorption of Heat
Volcanic Study

Libration Clouds

Objects Within Mercury's Orbit
In Vitro Immunology

Web Formation

Cytoplasmic Streaming

Mass Measurement



Subsystem/Operational DTO's

20.11 Operational Radiation Measurements

20.14 Orbital Assembly Contamination Assessment
20.16 Water Sample

20.17 Iodine Monitoring

20.18 Carbon Monoxide Monitor

20.19 SLA Deployment Observation

The DTO for Student Investigation ED25 (X-Rays From Jupiter) has not
been included pending further definition and Level II CCB approval.

The DTQ's for experiments S020, X-Ray/Ultraviolet Solar Photography,
and T025, Coronograph Contamination Measurement, are excluded from
this document due to the unavailibility of the solar SAL for experi-
ment operations. Requirements for use of the solar SAL by experi-
ments S063, S149, and T027/S073 have been deleted. The following
modifications are under consideration in lieu of solar SAL operations:

® Deployment of the S020 hardware during EVA on a bracket external
to the spacecraft,

® Deployment of the T025 hardware during EVA on a bracket external
to the spacecraft.

® Operation of S063 out the AM window.

In addition, consideration is being given to changing FO 2 of experi-
ment S149 such that one set of Micrometeorite Impact Detection
Cassettes will be deployed during one EVA and retrieved during
another EVA,

New DTO's for S020 and/or T025 will be published, if approved by
Level II CCB. Modified DTO's for S063 and/or S149 will be published,
if approved by Level II CCB.

Proposed changes are in work for the venting and dumping constraints
contained in the DT0's for experiments S019, S063, S149 and S183.
These changes will be identified in this document after Level II CCB
approval.

The inclusion of minimum scheduling requirements and performance red-
Tines into the experiment DTO's has been done with the understanding
that these data are to be incorporated into NASA Headquarters Program
Directive ilo. 43C (Reference 1),

Headquarters has given verbal direction to include a second film
cassette for experiments SO19 and S183. These cassettes will be used
for additional operation of these experiments as time is available.

Z-LV(E) attitude requirements stated in paragraph 2.3.2.7 are based
on nominal systems performance. These requirements are subject to
change based on an evaluation of SL-1/SL-2 systems performance data.

Reassignments of experiments M555 and S015 from the SL-1/SL-2
mission to the SL-3 mission are under consideration.

Consideration is being given to the resupply of an emulsion package
and the reassignment of experiment S009 to the SL-3 mission. ‘
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L. Proposed changes are in work for the Skylab Video Documentation
Project Requirements for Television. These changes will expand
paragraph 2.3.8 and will completely replace Table 2-2, Summary of
SL-3 Telecasts, if approved by Level Il CCB,
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DEFINITIONS

The following definitions apply to usage of the terms in this

document.

Mission Objectives. Mission objectives are the ends

toward which efforts are directed for each mission.
Mission objectives are specified by the OMSF.

Experiments. Experiments are planned investigations

which are conducted in flight during manned space
missions, or which are essentially connected with

the in-flight situation. These investigations, which
are approved by the Manned Space Flight Experiments
Board and assigned by the Headquarters Program Office/
ML, are conducted to obtain research information which -
can contribute to the advancement of science and
technology.

Extravehicular Activity. Activity performed in space or
on a celestial body by an astronaut external to the space
vehicle.

Intravehicular Activity. Activity with one or more of
the adverse characteristics of EVA, because of reduced
gravity and/or pressurized space suit, performed in space
or on a celestial body by an astronaut internal to the
space vehicle.

Primary Mission. The primary mission is a planned
mission that satisfies a prescribed set of objectives
and requirements as defined by the Operations Directives.

Detailed Test Objective. Scientific, engineering, medical
or operational objectives which amplify mission objectives
or detail a major development purpose or feature of the -
mission. The accomplishment of a Detailed Test Objective
will be an important consideration in determining the
degree of achievement of the mission objective(s?.

X1X



1.0 INTRODUCTION

1.1 BACKGROUND

The Skylab (SL) Program objectives are to extend the duration of
manned space flight and to carry out a broad spectrum of experimental
investigations. Of particular importance are a series of medical experi-
ments associated with the extension of manned space flight, a series of
high resolution solar astronomy experiments at the short wavelengths not
directly observable from the surface of the earth and a series of earth
survey experiments.

The Skylab missions are designed to support these objectives. Cur-
rently, the program includes three low earth orbit missions, designated
SL-1/SL-2, SL-3 and SL-4. In addition to the three nominal Skylab
missions, the program inciudes the Skylab Rescue Mission (SL-R). The
SL-R mission is designed to provide a safe return of the Skylab crew in
the event the Command and Service Module (CSM) becomes disabled while docked
to the Saturn Workshop (SWS). This volume contains mission requirements
for the second Skylab Mission (SL-3) only. The Skylab SL-1/SL-2, SL-4,
and SL-R mission requirements are contained in Volumes I, III, and IV,
respectively, of the Mission Requirements Document (MRD). Summaries of
the Data Request Forms (DRF's) associated with Skylab Detailed Test
Objectives are contained in Appendix A of the MRD. Earth resources
requirements for the SL-1/SL-2, SL-3, and SL-4 missions are contained in
Appendix B to the MRD.

The SL-3 mission will utilize an orbiting SWS. The SWS configuration
includes a Multiple Docking Adapter (MDA), Apollo Telescope Mount (ATM),
Airlock Module (AM), and an S-IVB Stage (modified as an Orbital Workshop
[OWS]), previously launched and inserted into orbit on a two-stage
Saturn V Launch Vehicle for the SL-1/SL-2 mission. The SL-3 configuration
will be a manned CSM launched on a Saturn IB Launch Vehicle. The SL-3
CSM will rendezvous and dock with the SWS forming an Orbital Assembly (OA)
to accomplish a long duration mission of up to 56 days.

1.2 SCOPE AND PRECEDENCE

The MRD is prepared in accordance with NASA Headquarters, Office of
Manned Space Flight (OMSF) directives and Skylab specification documents
as listed in NASA Headquarters Program Directive No. 43C, M-D ML3200.125,
dated May 1, 1973 and Cluster Requirements Specification io. RSO03M00003,
dated August 8, 1969, References 1 and 2 respectively. It defines the
mission requirements and the functional and performance requirements for
implementing the program and mission objectives specified therein. The
Mission Assignments and Flight Scheduling Precedence Numbers for the ex-
periments were assigned by OMSF, NASA Headquarters Program Directive No.
43C, Reference 1. The scope of this document is the definition of
mission operational requirements for the SL-3 mission.

The MRD shall provide the basis for mission planning and design by
all elements of the Skylab Program. In the event of conflict between
the MRD and other mission planning documentation, the MRD shall govern
with respect to mission objectives and requirements.

1-1



The relationship of the MRD with other program documentation is de-
picted in Figure 1-1, Skylab Mission Documentation. Performance and
design requirements for cluster systems to implement mission requirements
are contained in the Cluster Requirements Specification (Reference 2).

Many subsidiary mission documents must be prepared to implement the
requirements of this MRD. These documents may expand on, but must not
conflict with the contents of the MRD.

1.3 PUBLICATION AND REVISIONS
1.3.1 Publication

Development of the MRD is the joint responsibility of the Skylab
Program Offices at the Johnson Space Center (JSC) and the Marshall
Space Flight Center (MSFC). Preparation and coordination of this docu-
ment will be performed under the cognizance of the Mission Requirements
Panel with approval and sign-off by both program managers.

1.3.2 Revisions

The document will be revised as required to provide necessary guide-
Tines for supporting activities. A1l revisions will be handled in the
same manner as the basic document and will require joint sign-off by the
Skylab Program managers at both the JSC and MSFC.

Requests for changes to the document shall be submitted to either of
the Co-chairmen, Mission Requirements Subpanel (P. H. Allen, JSC/KM;
R. A. Marmann, MSFC/SL-EI).

1.3.3 Distribution

Distribution of this document is controlled by the Skylab Program
Offices at JSC and MSFC. Requests for additions, deletions, or other
changes to the distribution Tist should be forwarded to respective
personnel as stated in Paragraph 1.3.2 above. Requests for additions
by NASA personnel should be coordinated through their Division (or
equivalent) office.

1-2
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2.0 SKYLAB MISSION SL-3

‘ 2.1 MISSION DEFINITION

' Skylab Mission SL-3 will be the second in a series of missions which
are designed to achieve long duration space flights of men and systems and
to perform scientific investigations in earth orbit. The Skylab mission
phases and major events are illustrated in Figure 2-1. The SL-3 mission
will consist of one manned CSM launch, rendezvous and docking with the
orbiting SWS, and operation of both modules as an OA for up to 56 days to
accomplish the mission objectives. The SWS will then be prepared for un-
manned operations and the CSM will deorbit for recovery.

The unmanned phase of Skylab Mission SL-3 will begin when the SL-2
CSM and crew separate from the SWS just prior to reentry. The unmanned
portion of the mission will continue until the SL-3 CSM and crew are
launched to rendezvous and dock with the SWS. The manned phase of Skylab
Mission SL-3 will terminate with recovery of the SL-3 CM and crew. Un-
manned SWS operations after separation of the SL-3 CSM will be included
as part of the SL-4 mission.

2.2 MISSION OBJECTIVES

The objectives for the SL-3 mission, as assigned by the OMSF, NASA
Headquarters Program Directive No. 43C (Reference 1), are as follows:

2.2.1 Perform Unmanned Saturn Workshop Operations

a) Obtain data for evaluating the performance of the unmanned
SKWS.

b) Obtain solar astronomy data by unmanned ATM observations.
‘ 2.2.2 Reactivate the Skylab Orbital Assembly in Earth Orbit

a) Operate the orbital assembly (SWS plus CSM) as a habitable
space structure for up to 56 days after the SL-3 launch.

b) Obtain data for evaluating the performance of the orbital
assembly.

c) Obtain data for evaluating crew mobility and work capability
in both intravehicular and extravehicular activity.

2.2.3 0Obtain Medical Data on the Crew for Use in Extending the Duration
of Manned Space Flights

a) Obtain medical data for determining the effects on the crew
which result from a space flight of up to 56 days of duration.

b) Obtain medical data for determining if a subsequent Skylab
mission of greater than 56 days duration is feasible and
advisable.

2.2.4 Perform In-Flight Experiments

a) Obtain ATM solar astronomy data for continuing and extending
solar studies beyond the 1imits of earth-based observations.

b) Obtain earth resources data for continuing and extending
multisensor observation of the earth from the low earth orbit.

c) Perform the assigned scientific, engineering, technology and
DOD experiments.
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2.3 MISSION REQUIREMENTS
2.3.1 Mission Profile Requirements
2.3.1.1 Launch Date

Mission planning shall be based upon a launch readiness date for
SL-3 within 64 (+1) days after the launch of SL-2 [i.e., July 28 (+1 day)].

2.3.1.2 Launch Planning

SL-3 shall not be Taunched until the SWS systems are judged to be

operating in accordance with the criteria presented in the Flight Mission
Rules.

Mission planning shall optimize selection of launch opnortunities
which will provide an "early rendezvous" (i.e., M = 5-8) canability and
shall be based on a maximum of 700 pounds of SL-3 launch vehicle payload
decrement for yaw steering. The basis for the "early rendezvous" require-
ment is the necessity for crew access to the SWS urine freezer within 24
hours of CSM Taunch to preserve urine samples.

2.3.1.3 Launch Complexes

SL-3 will be launched from Complex 39B at Kennedy Space Center (KSC).
2.3.1.4 Insertion Altitudes

The SWS will have been previously inserted into a near circular orbit
of approximately 237 NM measured above the mean equatorial reference radius.

The SL-3 CSM will be inserted into an 81 by 120-NM orbit (measured
above the mean equatorial reference radius) by a Saturn IB Launch Vehicle.

2.3.1.5 Orbital Inclination
Mission planning shall be based on a northerly launch azimuth.

The SL-3 CSM will be targeted for rendezvous with the SWS orbiting
at a planned orbital inclination of 50 degrees.

2.3.1.6 Rendezvous and Docking

The SL-3 CSM will rendezvous with the SWS and will dock to the
primary (axial) docking port. Launch time of day shall be optimized to
obtain proper lighting in the recovery areas, provide early rendezvous for
SL-3, obtain sufficient deorbit tracking coverage, and to provide (as much
as possible) proper lighting and tracking coverage for abort situations.
The CSM VHF ranging system will be required from a maximum distance of
300 NM to a minimum distance of 500 feet.

Operational planning shall insure that the SWS Attitude and Pointing
Control System (APCS) gain changes from the unmanned configuration to the
CSM docked configuration are implemented within one orbit after CSM dock-
ing. Gain changes required to reconfigure the APCS for the unmanned mode
shall be made prior to CSM undocking.

2-3



2.3.1.7 S-IVB/IU Deorbit

The S-IVB/IU will be deorbited into the Pacific Ocean. The deorbit
delta velocity will be provided by sequentially dumping Tiquid oxygen and
Tiquid hydrogen through the S-IVB main engine. The deorbit maneuver will
be designed to place the break-up debris footprint in the Pacific Ocean
clear of major land masses.

2.3.1.8 O0Orbital Attitudes
The attitude requirements for the Saturn Workshop are as follows:

a) ?rior t? CSM rendezvous - Solar inertial attitude (X-I10P/Z)
Note 1

) CSM rendezvous - TBD

) CSM docking - X-I0P/Z

) Workshop operations - X-I0P/Z
)

Carth pointing experiment operations - Earth pointing attitude
(Z-LVLE]) (Note 2) .

f) Inertial Measurement Unit alignment - X-IOP/Z

g) CSM undocking - Solar inertial attitude biased about the X and Z
axes to place the XZ plane in the orbit plane.

h) SWS storage - X-IOP/Z
2.3.1.9 Mission Duration

The SL-3 mission duration shall be planned for 56 days from the
launch of the SL-3 CSM.

2.3.1.10 Recovery Zones

It is highly desirable that the mission be planned such that nominal
recovery occurs during daylight. A1l planned landing areas shall be in
water,

Notes:

1. X-IOP/Z; The solar inertial attitude is defined as the principal OA
X axis in the orbital plane with the Z axis coincident with the sun line.
The -Z axis points directly toward the sun and, at orbital noon, the +X
axis is in the direction of the velocity vector. (The OA coordinate
system is illustrated in Figure 2-2.) The X-I0P/Z mode includes Control
Moment Gyro (CMG) desaturation maneuvers performed each orbit on the
"night" side of the orbit.

2. I-LV(E): The earth pointing attitude is defined as the OA geometric
X axis in the orbital plane with the Z axis along the geodetic local ver-
tical. The +Z axis points directly toward the earth and the +X axis is
in the direction of the velocity vector (i.e., CSM leading).

2-4
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2.3.2 Operations Requirements
2.3.2.1 Extravehicular Activity

Three extravehicular activity periods are planned for this mission.
The EVA's shall be through the AM EVA hatch. The capability shall exist
to perform EVA operations during both daylight and dark periods of the
orbit. Each planned operation shall be limited to three hours of actual
EVA time. Two crewmen shall be capable of EVA during the period.

2.3.2.2 Rendezvous Lighting

Flashing lights on the SWS shall be used during CSM rendezvous for:
(a) acquisition and tracking with the Command Module (CM) sextant to up-
date the CSM state vector prior to rendezvous maneuvers; and (b) tracking
with the Crewman Optical Alignment Sight (COAS) prior to terminal phase
initiation (TPI). The lights shall provide continuous coverage through
the sextant for a maximum range of 300 NM during darkness.

2.3.2.3 CSM On-Orbit Verification

Periodic operation/monitoring of the CSM will be required to ensure
a satisfactory deorbit capability.

2.3.2.4 Deorbit Capability

The SM Service Propulsion System (SPS) shall provide the primary
deorbit capability for the SL-3 CSM. The SM RCS shall provide a backup
deorbit capability. A hybrid deorbit capability (deorbit impulse provided
partially by the SM RCS and partially by CM RCS) shall also be provided
for use as specified in the Flight Mission Rules.

2.3.2.5 (MG Desaturation

The CMG desaturation will be automatic (with inhibit capability by
the crew or Digital Command System command) and will occur during the
"night" portion of the orbit (typically about 35 percent of the orbit is
required for CMG desaturation).

2.3.2.6 Venting and Dumping

AT1 controllable OA venting and dumping will be planned to occur such

that it does not interfere with experiment and student investigation
operations.

2.3.2.7 Qrbital Assembly Attitude Control, Translation, and Experiment
Pointing
Any OA attitude control maneuvers shall be performed using either

the APCS or the RCS. The capability to translate the OA using SM RCS
shall be provided. There shall be no maneuvering of the OA with the SPS.

For earth-pointing experiment operations, the SWS shall provide the
capability to perform Z-LV(E) maneuvers. Premission planning shall be

based on the following guidelines which assume nominal systems performance:

a) The Z-LV(E) attitude (as defined in paragraph 2.3.1.8, Note 2)
for the data-take period may be maintained for up to 160 orbital
degrees centered at any location within the orbit.




b) The Z-LV(E) attitude maneuvers may be planned for Beta ()
angles up to + 65 degrees.

c) There shall be a maximum of two consecutive Z-LV(E) passes.

d) Wo more than two Z-LV(E) passes per crew day for no more than two
consecutive days shall be planned.

e) Availability of electrical power, even under nominal conditions,
may be limited for some Z-LV(E) maneuver profiles. Therefore,
planning shall include exercising power management as required
to stay within EPS capabilities and battery discharge constraints.

Real-time mission planning of Z-LV(E) maneuvers shall be based on
actual systems performance which may dictate changes in these guidelines.

The total series of EREP operations will consist of a combination of
Z-LV(E) maneuvers and solar-inertial operations as specified in Section
2.3.4.2.6. .

2.3.2.8 O0A Internal Activities

Nominal mission planning shall provide for a shirtsleeve environment
for initial crew entry into the MDA and for subsequent normal everyday
activities. Provisions and facilities shall be available to support an
initial contingency suited entry by one crewman from the CSM into the
MDA, and one or two crewmen from the MDA/AM into the OWS.

There shall be no requirement that a particular module of the OA be
occupied at all times; however, immediately prior to and during EVA's the
non-EVA crewman shall be on the CSM side of the AM lock compartment.

2.3.2.9 ATM Film Stowage

To assure return of ATM film in the event of an abort, the ATM film
shall be stowed in the CM as soon as possible following EVA,

2.3.2.10 Budgeting of Electrical Power

Planning shall provide for operation of the CSM fuel cells unti]
cryogenic depletion. '

2.3.2.11 Orbit Trim Maneuvers

CSM RCS and SWS APCS shall be used to perform orbit trim maneuvers
for the purpose of providing controlled repeating orbits for Earth Re-
sources Experiments. The method utilized, where practicable, shall be
selected to minimize contamination to the OA.

2.3.2.12 CSM Fly-Around Requirements

During the daylight pass following undocking, the CSM will perform a
series of maneuvers to fly around the OWS at a range of 300 feet, The
OWS will be visually inspected by the crew and 70-mm still photographs
and 16-mm motion pictures will be obtained. TV coverage during fly-
around will be as specified in paragraph 2.3.3(e). The OA attitude shall
be as specified in paragraph 2.3.1.8(9?




2.3.3

In-Flight Operations

The following requirements and instructions, as specified in Program
Directive No. 43C, shall be used in developing the SL-3 mission flight

plans:

a)

b)

*f)

Approximately one of every seven mission-days shall be scheduled
as an off-duty day.

Each off-duty day shall include performance of experiments MO71
and MO73, crew rest and recreation, nominal monitoring of space-
craft systems, and crew planning.

Scheduling of crew activities shall permit rapid crew response

to solar flares that may occur when the ATM console is not manned.

To preserve urine samples, the SL-3 crew shall have access to the
activated SWS urine freezer within 24 hours of CSM Taunch. In
any event, all feces and samples of all urine voided after SL-3
1ife-off shall be processed in the SWS Waste Management System

as soon as it becomes available for use.

Skylab Video Documentation Project television requirements are
identified in paragraph 2.3.8. ATM downlink television require-
ments are identified in paragraph 3.2.2.2(c).

A period averaging 30 minutes per day shall be set aside for each
crewman for personal exercise. No exercise shall be performed

by any of the crew on EVA days or by the subjects of experiments
M171 and M509 on the days those experiments are performed.
Exercise shall not be performed immediately following any kind

of strenuous physical activity.

*This requirement is not specified in Program Directive No. 43C.
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‘ 2.3.4 Experiments, Student Investigations, and Subsystems/Operational
Tests

This section contains definitions, requirements, and instructions
for scheduling in-flight experiments and subsystem/onerational tests in
the mission flight plan. Mission assignments and complementary schedul-
ing requirements derived from Program Directive No. 43C (Reference 1) are
given in Table 3-1.

2.3.4.1 Definitions of Mission Requirements Categories

The mission requirements are divided into the categories of experi-
ments, student investigations, and subsystems/operational tests. These
categories are briefly defined in the following paragraphs.

2.3.4.1.1 Experiments Definitions

The category of experiments is further divided into the sub-categories
of (a) group-related experiments and (b) corollary experiments.

a) Group-Related Experiments - The group-related experiments con-
sist of three experiment groups, in-flight medical, ATM, and
EREP. The experiments were grouped in this manner because all
of the experiments in a given group have a common purpose and in
the case of ATM and EREP they can be scheduled and performed as
a group. The objectives of each experiment group are as follows:

1) In-flight medical* - Determine and evaluate man's physiologi-

cal responses and aptitudes in space under zero gravity
conditions.

2) ATM - Study short wavelength solar radiation (0.1 through
7000 angstroms) not readily observable from the surface of
the earth due to atmospheric interference.

3) EREP - Provide photographic and electronic remote sensor
data for use by a variety of users in a wide range of
applications to earth resources management.

b) Corollary Experiments - The corollary experiments are those in-
flight experiments other than the group-related experiments and
the student investigations. These experiments have been assigned
a Flight Scheduling Precedence (FSP) number for use in flight
planning. The FSP number is assigned by Headquarters in accor-
dance with the scientific worth of the experiment to the Skylab
Program with the most valuable corollary experiment having the
highest FSP. The FSP numbers range between 500 and 140.

There are in the corollary experiment group some experiments
which have not been assigned to this mission but at the discre-
tion of the JSC and MSFC Skylab Program Offices may be performed
if time is available. These are called candidate experiments.
If available time is unusable for assigned experiments but is
usable for a candidate experiment, that experiment may be

‘ rA] though M151 (Time and Motion Study) is part of the in-flight medical
group, it has been assigned a FSP and does not have the schedule prior-
ity of the in-flight medical group.
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scheduled provided the requirements set forth in Table 3-1

will not have been satisfied on mission SL-1/SL-2. As assigned
experiments achieve their baseline requirements, experiments
assigned to candidate status on SL-3 will be scheduled. Candi-
date experiments will be considered for implementation in order
of decreasing FSP.

2.3.4.1.2 Student Investigations

A number of investigations selected from a national contest of the
Skylab Student Project will be performed aboard the orbjtal assembly.
Several of these investigations have been assigned to the SL-3 mission.

There are in the student investigation group some investigations
which have not been assigned to this mission but at the discretion of the
JSC and MSFC Program Offices may be performed if time is available. These
are called candidate investigations. If available time is unusable for
assigned experiments or for assigned student investigations but is usable
for a candidate investigation, that investigation may be scheduled provi-
ded the requirements set forth in Table 3-1 will not have been satisfied
on mission SL-1/SL-2. As assigned experiments and assigned student
jnvestigations achieve their baseline requirements, investigations assianed
to candidate status on SL-3 will be scheduled. A1l candidate experiments
take precedence over candidate investigations.

2.3.4.1.3 Subsystems/Operational Tests

Subsystems/operational tests are activities designed to provide data
for real-time and/or postflight evaluation of subsystems operation or for
real-time mission operations planning.

Subsystems/operational tests for mission SL-3 will be approved at
Level II and subsequently documented as Detailed Test Objectives (DTO's)
in the Mission Requirements Document (MRD). Each DTO shall clearly indi-
cate whether the test is (1) mandatory with respect to crew safety or
mission objectives or (2) non-mandatory.

2.3.4.2 Flight Planning Instructions

Instructions in this section shall govern the flight planning of
experiment activities during both the premission and real-time periods
of the mission. These instructions cover planning under nominal condi-
tions and contingency situations. Since situations can exist which
increase as well as decrease scheduling opportunities for individual or
group experiments, the instructions also cover the scheduling of experi-
ments to their baseline requirements, minimum scheduling requirements,
performance redline requirements, and levels above the baseline require-
ments.

In the flight planning of a typical crew day, the functions required
to maintain the crew and the vehicle and experiment systems are scheduled
first. These functions consist of such things as eating, sleeping,
personal hygiene, and systems housekeeping. Other activities which must
be performed each day are urine collection and processing, the weighing
of food residue, review of teleprinter information, and mission planning.




After these activities are scheduled, the group-related experiments (in-
flight medical, ATM, and EREP) are scheduled. The corollary experiments,
student investigations, and non-mandatory subsystem/operational tests

are then scheduled in the remaining time. Candidate experiments shall

be scheduled as described in paragraph 2.3.4.1.1(b). Candidate student
investigations shall be scheduled as described in paraaraph 2.3.4.1.2,

Those systems/operational tests designated mandatory shall be incor-
porated into either systems housekeeping, experiment preparation, or
other 1ife/systems support activities as appropriate. Those tests which
are non-mandatory shall be scheduled on a non-interference basis with
experiments, student investigations, and mandatory tests.

2.3.4.2.1 DT0O Performance Requirements

To assist in proper allocation of available mission and crew time
for various flight activities, the requirements of experiments, student
investigation, and systems/operational tests are stated in a hierarchy
of three levels. These levels are 1) baseline requirements, 2) minimum
scheduling requirements, and 3) performance redline requirements. These
levels and their use are explained in the following paragraphs. The
requirements are stated in Section 3 of this document.

2.3.4,2.2 Baseline Requirements

The baseline requirements are the maximum requirements which have
been requested by the PI, accepted by the Program Director, and docu-
mented in the MRD. The goal of both premission planning and real-time
planning shall be performance of the baseline requirements for all
assigned experiments. Attainment of baseline requirements for group-
related experiments has first priority, followed by corollary experiments
and student investigations in order of decreasing FSP.

2.3.4.2.3 Minimum Scheduling Requirements

The minimum scheduling requirements are a reduced level of experi-
ment requirements which have been directed by the Program Director, agreed
to by the sponsoring office, and documented in the MRD. If it is
impossible to attain the baseline requirements on all experiments capable
of accomplishment, flight planning toward the minimum scheduling require-
ments will be implemented. Experiments without minimum requirements will
continue to be scheduled toward baseline requirements. Attainment of the
minimum requirements on the affected experiments will be of the same
importance as attainment of the baseline requirements on those not affec-
ted. Experiments will be considered for reduction toward minimum sche-
duling requirements in sequence of increasing FSP.

During the premission period, if the minimum scheduling require-
ments have been implemented and there is still not enough crew time
available to satisfy all requirements, the Skylab Program 0ffices will
recommend to the Program Director further reductions in experiment
requirements. The guidelines for determining the reductions are:

a) Experiments will be considered for reduction in requirements in
order of increasing FSP.
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b) An experiment's requirement will not be reduced unless it can
be determined that the time made available is usable by an
experiment(s) of higher FSP.

In the event real-time difficulties prevent the attainment of the
requirements as planned premission, further reductions and/or cancellation
of experiments will be considered. When the problems are not directly
related to experiment activity but cause loss of crew time scheduled for
experiment performances, each experiment discipline shall lose reschedule
time in direct proportion to the total SL-3 crew time allocated to
that experiment discipline. If the real-time problems are directly
related to specific experiments or specific experiment disciplines, the
following instructions shall apply:

a) When crew time has been expended on a group related experiment
run, any time scheduled for a repeat of that run shall normally
be absorbed within that discipline.

b) When crew time has been expended on a corollary experiment, a
rescheduled performance shall normally be absorbed within any
timeline allocation remaining for that specific experiment;
however, other corollary experiments of lower FSP may be considered
for reduction/cancellation in order to accommodate a rerun.

If the real-time problems are not directly related to experiment
activity but cause loss of crew time scheduled for experiment per-
formances, each experiment discipline shall absorb the lost time in
direct proportion to the total SL-3 crew time allocated to that experiment
disciplined.

The Flight Management Team will be briefed on any plan for reducing
requirements and/or cancellation of experiments prior to their implementa-
tion.

2.3.4.2.4 Performance Redline Requirements

The performance redline requirements represent the minimum level of
requirements which can be performed and still obtain worthwhile information
for the experiments. Performance redline requirements will be established
by the Program Director for all experiments. In the event real-time
difficulties prevent attainment of the minimum scheduling requirements,
flight planning toward the performance redline requirements and/or cancel-
lation of experiments will be considered. Performance of less than the
redline requirements will not be scheduled. If the redline requirements
are considered for implementation the following guidelines and the guide-
lines stated in section 2.3.4.2.3 will apply:

a) Guidelines for group-related experiments are TBD.
b) Guidelines for the ATM Joint Observing Programs are TBD.
c) Guidelines for the EREP tasks are TBD.

d) If unable to achieve the redline requirements for all experiments
capable of performance, experiments will be considered for
cancellation from the mission in order of increasing FSP.

The Flight Management Team will be briefed on any plans to reduce
toward the performance redline requirements and/or cancel experiments prior
to their implementation.
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In establishing the performance redline for mission SL-3, assumptions
aré made that (1) there will be a follow-on mission, (2) EVA will be per-
formed on mission SL-3, and (3) there will be full data return capability
(not a rescue situation). If these assumptions prove to be invalid in
the real-time contingency situation, the performance redline requirements
will be revised to be consistent with the existing situation.

2.3.4.2.5 Scheduling of Levels Above Baseline Requirements for Experiments

In general, no increase in scheduling beyond baseline requirements
will be approved for an experiment until all other assigned experiments
and candidate experiments capable of accomplishment are scheduled to the
maximum extent possible toward their baseline requirements. Experiments
will be considered for scheduling beyond their baseline requirements in
order of decreasing FSP.

2.3.4.2.6 Special Scheduling Requirements

The following are special SL-3 guidelines for the scheduling of
flight activities as derived from Program Directive No. 43C (Reference 1).

*a) Crew-attended ATM operations shall be given scheduling priority
for one crewman, exclusive of those periods allocated to EREP,
for all daylight passes (plus the necessary night periods) for
all identified experiment days. The ATM target schedule is 230
daylight hours, excluding ATM checkout, above the 400 kilometer
observing constraint.

b) Unattended ATM operations may be scheduled during any period
in which the ATM console is not manned, provided such scheduling
does not contradict other requirements specified in this document

c) The ATM experiments (excluding SO055A) and H-alpha I shall each
utilize not more than two magazines of film.

d) The EREP experiments (excluding S190B), shall be scheduled for
operation on 26 Z-local vertical passes. In addition, two solar
inertial passes (of the five solar inertial passes of the EREP
program) are assigned to satisfy EREP calibration requirements
for this mission.

e) The S190B experiment shall be scheduled for operation on at
least 20 of the Z-local vertical passes and on the two calibra-
tion passes identified in (d) above.

f) Student investigations requiring crew time may be scheduled to
use up to 1-1/2 man hours per week, regardless of the FSP of
experiments competing for the same time.

g) ATM JOP-13 manuevers shall not be scheduled at times that would
interfere with operational requirements of corollary experiments.

*This change will be included in the next Program Directive No. 43C
update,



2.3.5 Unmanned Operations Guidelines
2.3.5.1

a) The following guidelines apply to the unmanned period of SWS

2.3.5.2
The

b)

Unmanned Operations

operations between separation of the SL-2 CSM and docking of the
SL-3 CSM.

1) The SWS shall be controlled and interrogated from the ground
during the unmanned phase.

2) Film for ATM experiments S052 and S054 shall be loaded during
the end-of-mission SL-2 EVA for exposure during the unmanned
phase of SL-3. This film will remain in the experiment
canisters until the midmission SL-3 EVA. Mo film shall be
provided beyond that specified in Table 3-1.

The unmanned phase that follows separation of the SL-3 CSM from
the SWS will be part of the SL-4 mission.

Unmanned Preparations

Saturn Workshop will be prepared for unmanned operations and for

subsequent reuse at the conclusion of the SL-3 mission. Preparation for
the unmanned period will be as follows:

a)

2.3.6

d)

e)

Attitude. The SWS will be left in a solar-inertial stabilized
attitude. If attitude rates are induced upon CSM undocking,
the APCS will damp these rates and return the SWS to a solar
inertial stabilized attitude.

Monitoring. The SWS communication and data systems must be
capable og providing SWS status during the storage period.

Pressurization. The SWS habitable areas shall be depressurized
after separation of the CSM. Venting shall be initiated by
ground command within one orbit following CSM separation and
shall be terminated by ground command when the pressure level
is approximately 2.0 psia. Subsequently, the SWS internal
pressure shall be allowed to decay to a minimum of 0.5 psia
during the unmanned phase.

Systems. Those systems necessary to support the SWS communica-
Tion and data system, and those necessary to provide attitude
and thermal control, will be required to operate during the
storage period.

Experiments. Film for ATM experiments S052 and S054 shall be
Toaded during the end of mission SL-3 EVA for exposure during
the unmanned period of SL-4. Additionally, a set of Experiment
S149 Micrometeorite Impact Detection Cassettes shall be prepared
for exposure during the unmanned period of SL-4.

Non-Hominal Missions

A11 non-nominal mission planning shall be within the capabilities of
cluster systems as defined in the Cluster Requirements Specification
(Reference 2).
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‘ 2.3.7 Film Requirements

Film quantity and processing requirements are provided in Table 2.1.
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2.3.8 Skylab Video vocumentation Project Requirements for Television

Specific Skylab Video Documentation Project requirements for televi-
sion are provided in Table 2-2. These TV requirements have the same
scheduling priority and are to be scheduled in the same manner as the
group related experiments - ATM, EREP and medical. A1l activities in
Table 2-2 are to be scheduled and all activities have equal priority.

Video shall be returned to JSC on the same day or one day after it
is recorded whenever it is possible to use CONUS stations. Use of CONUS
stations shall have first priority. HAW, BDA, or VAN may be used if
required for onboard video tape management. Tapes from HAW, BDA, and
VAil shall be returned to JSC without delay.

Out-the-window telecasts require coverage of the entire pass across
the Tand mass (i.e., from open ocean to open ocean). All portions of out-
the-window passes which fall within coverage of GDS, TEX, MIL, and MAD
will be released live. Portions of the passes which are outside the
coverage of these stations will be recorded onboard and dumped through
CONUS stations for same day or next day release. When possible, onboard

VIR operations associated with out-the-window telecasts will be controlled
by ground command.

Three telecasts (SMMD/water gun, preparing next meal, and eating) are
to be edited together and have crewman assignment requirements as follows:

a) Either the CDR or PLT must perform SMMD/water gun.

b) The crewman who performs SMMD/water gun must perform SMMD
operations within the preparing-next-meal telecast.

c) The crewman who performs SMMD/water gun should drink from the
water gun during eating.

In order to assure coordination for the TV requirements scheduling
and change requests, a television officer is part of the JSC FOMR team.

Television requirements established preflight will use a very high
percentage of the capability to record and dump video. Any new television
use, such as trouble shooting of vehicle anomalies may impact the ability
to complete these requirements and will require FOMR approval.

Skylab television planning has been tailored to provide for use by
a variety of users such as commercial network television, educational
television and films, and documentary producers. The Public Affairs Office
will serve as the single point of contact with all television users out-
side WASA.




Table 2-2. Summary of SL-3 Telecasts .
Activity Scenes Taped Telecasts
1. M509 - Astronaut Maneuvering 2 Preparation and operations
Unit
2. T013 - Crew/Vehicle Dis- TBD T1BD
turbances
3. T020 - Foot Controlled TBD TBD
Maneuvering Unit
4. ED32 - In Vitro Immunology TBD TBD
5. ED52 - Web Formation 18D TBD
6. ED63 - Cytoplasmic Streaming T1BD TBD
7. ED74 - Mass Measurement 18D 18D
8. S063 - UV Airglow Horizon TBD T1BD
Photography
9. S019 - UV Stellar Astronomy 18D TBD
10. Science Demonstrations (8) TBD TBD
T8D TBD
TBD 1BD.
T80 18D
b 18D
TBD T80
T8D TBD
T8D T8D
11. M133 - Sleep Monitoring 4 System demonstration
12. Science Pilot Highlights (4) 1 Solar activity special
1 Solar activity special
1 Solar activity special
1 Solar activity special
13. Rendezvous 1 (If within station contact)
14. EVA (3) 1 Tape and live
1 Tape and live
1 Tape and live
15. M071/M074/M110 Series/M172- 2 Eating
Body Fluid, Mineral Balance, 6 Prepare next meal
Blood Studies and Mass 4 SMMD/water gun
Measurement 5 Blood sampling
4 Body mass measurement
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. Table 2-2. Summary of SL-3 Telecasts (Continued)

Activity Scenes Taped Telecasts

16. EREP - Earth Resources 5 Sensor operations
Sensors Tape reloading

1
17. M092/M093/M171 - Cardio- 4 Lower body negative press (part 1)
vascular and Metabolic 1 Lower body negative press (part 2)
Activity 4 Vectorcardiogram
6 Metabolic activity
2

18. M487/M516/M151 - Habitability/ Entertainment center

Crew Quarters, Crew Acti- 3 Sleep restraint/trash/shower
vities/Maintenance, Time (Note 1) Personal hygiene
and Motion
19. ATM Operations (3) TBD TBD.
TBD T
TBD  TBD
20. MI131 - Human Vestibular 4 Oculogyral il1lusion mode
Function 3 Motion sensitivity mode
4 Spatial localization mode
21. S183 - Ultraviolet Panorama 3 Deploy AMS and spectrograph
22. EREP: Viewfinder Tracking 1 Out-the-window
System (VTS) and Out-the- 1 Out-the-window
. Window. (10 U.S. and 10 1 Out-the-window
Foreign) 1 Out-the-window
1 Out-the-window
1 Out-the-window
1 Out-the-window
1 Out-the-window
1 Out-the-window
1 Out-the-window
1 Viewfinder tracking system
1 Viewfinder tracking system
1 Viewfinder tracking system
1 Viewfinder tracking system
1 Viewfinder tracking system
1 Viewfinder tracking system
1 Viewfinder tracking system
1 Viewfinder tracking system
1 Viewfinder tracking system
1 ~ Viewfinder tracking system
23. Tours (3) (Note 1) Crewquarters deck tour
(Note 1) MDA/AM
(Note 1) OWS forward compartment
24. Press Conference 1 Live press conference
25, End-of-mission Fly-around 1 Live
‘ Note: 1. TV camera will be hand held and the number of scans may vary.
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3.0 SL-3 MISSION DETAILED TEST OBJECTIVES

3.1 GENERAL

This section identifies the experiments that have been approved by
the Associate Administrator for Manned Space Flight for implementation
on the Skylab Program and subsystem/operational Detailed Test Objectives
(DTO's) as approved by the JSC and MSFC Skylab Program Managers. In
consonance therewith, OMSF, Headquarters Program Directive No. 43C
(Reference 1) has assigned experiments to specific missions, or, in lieu
of stating specific assignments, has established other instructions for
planning and performing the experiments. General guidelines for the
scheduling of experiments in the mission flight plans are listed in Table
3-1 and are derived from NASA Headquarters Program Directive No. 43C and
approved changes thereto. Changes to the guidelines listed in the table
require Level I (NASA Headquarters) approval.

This section shall constitute the controlling requirements necessary
for fulfilling the mission objectives stipulated in Program Directive 43C.
It is intended for use by those organizations concerned with flight planning,

mission rules, procedures, data and support requirements, and mission evalu-
ations.

The percentages (where shown) with each Functional Objective (F0) of
the corollary DT0's represent a weighted value of the FO within the DTO.
The sum of FO weights totals 100 percent. The weights represent that
percentage of the corollary DT0 which is completed when the respective
FO has been satisfied.

3.1.1 Experiment and Student Investigation Assignments and Scheduling
Instructions Table

3.1.1.1 Format

Table 3-1 places each experiment or investigation in one of two groups:
in-flight experiments and pre- and postflight experiments. The in-flight
experiments and investigations are divided further into four subgroups:

a) Passive Experiments - - in-flight experiments whose crew support
requirements are either insignificant or non-existent.

b) Group-related Experiments - - experiments that are closely related
to each other either through common study of the flight crew or
by integration into a single subsystem. Three sets of group-
related experiments are assigned in Table 3-1: Medical, Solar
Astronomy (ATM), and Earth Resources (EREP).

c) Corollary Experiments - - other in-flight experiments that require
significant in-flight crew support but which are not as closely
related to each other as are the experiments addressed in (b) above.

d) Student Investigations - - investigations selected through the
Skylab Student Project that may or may not require in-flight
crew support.



3.1.1.2 Experiment and Student Investigation Assignments and Scheduling
Instructions

Table 3-1 establishes detailed mission assignment and scheduling
instructions for planning and performing the experiments and student
investigations. (Where explicit instructions are not shown in Table 3-1,
those documented elsewhere in the MRD shall apply.) The table is orga-
nized by the groups and subgroups of experiments and student investiga-
tions that are defined in Section 3.1.2.1. Table 3-1 also establishes an
FSP number for each of the corollary experiments. Use of the FSP number
in mission planning is discussed in Section 2.3.4.
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3.2 EXPERIMENT AND STUDENT INVESTIGATION DETAILED TEST OBJECTIVES
3.2.1 Medical Experiments
3.2.1.1 General

A series of medical experiments will be carried out on Skylab mission
SL-3 to determine man's ability to live and work in space for extended
periods.

The data will be used to determine the effects on the crew resulting
from a space flight of up to 56 days duration and to determine if a sub-
sequent mission of greater than 56 days duration is feasible and advisable.

3.2.1.2 Medical DT0's
The infliaght medical experiments assigned to the Skylab SL-3 mission

are:
M071 Mineral Balance
MO73 Bioassay of Body Fluids
MO74 Specimen Mass Measurement
M092 In-Flight Lower Body Negative Pressure
MO93 Vectorcardiogram

M112
M]13I One DTO (M110 Series) covers the in-flight requirements
M114j for all four experiments

M115

M131 Human Vestibular Function
M133 Sleep Monitoring

M151 Time and Motion Study
M171 Metabolic Activity

M172 Body Mass Measurement

The DTO's are presented in alphanumeric order on the following
pages.



Experiment M071 MINERAL BALANCE
Obtain data on metabolic constituents.
Purpose and Background

The purpose is to determine the effects of space flight on the muscle
and skeletal body systems by quantitative assessment of the gains and
losses of pertinent biochemical (metabolic) constituents.

Continuous losses of calcium and nitrogen, such as those which occur
in ground-based simulation studies, during long duration missions might
result in impairment of skeletal and muscle integrity and the formation of
renal calculi. Identification of the rates of actual deterioration will
allow specific countermeasures (such as the institution of exercise routines
and the manipulation of dietary constituents) to be taken on later flights.
Data from this experiment will provide for definition and quantitative
assessment of the gains and losses from the body of various bjochemical
constituents, particularly water, calcium, and nitrogen, during space
flight. Preflight data will establish baseline norms for understanding
in-flight and postflight changes. Electrolyte analysis will utilize blood
samples from M110.

Functional Objectives

® Determine the effects of space flight on the muscle and skeletal body
systems by quantitative assessment of the gains and losses of pertinent
biochemical (metabolic) constituents.

FO 1) Measure and record the total diet residue, menu
deviations, and total daily fluid intake for each
crewman throughout the mission.

FO 2) Collect, identify, measure, and process all urine
eliminations of each crewman throughout the mission.

FO 3) Collect, identify, measure, process, and store for return a homo-
geneous urine sample of at least 45 m1 (except when half samples
are collected) every 24 hours for each crewman, throughout the
mission.

FO 4) Collect, identify, measure, process, and store for
return all fecal eliminations (and vomitus) of
each crewman throughout the mission.

FO 5) Measure and record body mass of each crewman once
every 24 hours throughout the mission.

Performance Requirements

a) bBaseline Requirement

FO 1) Perform each of these four FO's each day for each crewman.
FO 2)

FO 3)

FO 5)

FO 4) Perform this FO upon each occurence,



MO71

b) Minimum Scheduling Requirement

FO 1) Same as the baseline requirement
thru
FO 5)
c) Performance Redline
FO 1) Continue to schedule toward the baseline requirement.
thru '
FO 5)

Performance Conditions

FO 1) Fach crewman will consume a nominal menu as completely as possible
and record any deviations.

The Specimen Mass Measurement Device (SMMD) will be used to
establish the mass of unconsumed food per procedures contained
in the appropriate checklist,

Individual water intake will be recorded daily.

FO 2) A11 urine passed in flight will be collected. Voids will be
accumulated over each 24-hour period and maintained at 10° +5°C
(50° +9°F).

Voids should be accumulated in 24-hour cycles for each crewman.
Except for unusual circumstances, the 24-hour time period will
be regularized by makirg the closeout time period within 30
minutes of the same hour each day.

FO 3) Within three hours after termination of the 24-hour urine pool
collection, a 122 (+10, -0) -ml homogeneous sample (45 ml for
M071, 75 m1 for M0O73, and 2 ml for volume determination) will be
withdrawn for each crewmember and frozen below -20°C (-4°F).
Due to stowage considerations for M110 blood samnles, twelve half
samples of urine (at least 62 m1) will be collected per the
following guidelines:

1) Full samples (i.e., 122 ml) will be collected the day before,
the day of, and the day after collecting blood samples as
defined by MI110.

2) Full samples are required each day for the first seven days
and for the last seven days of the mission.

3) Half samples are not to be taken on any two successive days.

Provisions must be made for identification of samples as to
crewmember, date, and time. A1l samples will be stored for return.

FO 1) Within the limitation of the CM, these FO's will be supported

thru during ascent and recovery phases of the mission as well as

FO 4) during orbital operations. Measurement and preservation procedures
will be performed in the OWS or recovery ship as required.




FO 4)

FO 5)

MO71

A1l fecal matter will be collected, mass measured, identified
(crewman, wet mass, and time) and processed for return per
procedures contained in the appropriate checklist.

Two types of dye marker pills will be ingested at 6-day intervals
in alternating sequence.

Any vomitus passed will be collected, mass measured, identified
(crewman, wet mass, and time), and processed for return.

Body mass of each crewman will be measured and recorded imme-
diately after first urine voiding following the sleep period.
This function will be accomplished using the Body Mass Measure-
ment Device (BMMD).

In-Flight Data

a)
b)

Telemetry - None

Crew Voice Comments - Data on total food residues, menu devia-
tions, total daily fluid intake, total daily voids, and daily
body mass for each crewman.

Log Books - Record of the total food residues, menu deviations,
total daily fluid intake, total daily voids, and daily body mass
for each crewman.

Photographs - None

Return Payload - Log books (if voice logging was not accomplished),
samples of all urine voiding, all feces, and all vomitus will be
returned.

For additional details, refer to Appendix A.

Evaluation
Refer to MSC-03022, Scientific Data Analysis and Reporting Plan.



Experiment MO73 BIOASSAY OF BODY FLUIDS
Obtain daily crew urine samples.
Purpose and Background

The purpose is to evaluate the endocrinological adaptation resulting
from extended exposure to space flight environment.

This experiment will identify changes in hormonal and associated
fluid and electrolyte parameters. These changes will be reflected in
the blood and urine of the crewmen participating in the Skylab flight.
Postflight evaluation will indicate the rate(s) of readaptation to the
preflight content levels. Preflight data will establish baseline norms
for understanding in-flight and postflight changes. Data will be developed
by analyzing urine and blood samples(from M110) and related fluid/electro-
lyte components. Accurate evaluation of these data will require the
control and specific analysis of dietary and fluid ingestion.

Functional Objectives

® Evaluate the endocrinological adaptation resulting from extended
exposure to space flight environment.

FO 1) Collect, identify, measure, process, and store for return, a
homogeneous urine sample of at least 75 ml (except when half
samples are collected) every 24 hours for each crewman, throughout
the mission.

Performance Requirements

a) Baseline Requirement
FO 1) Voids will be accumulated in 24-hour cycles for each crewman.
b) Minimum Scheduling Requirement
FO 1) Same as the baseline requirement
c) Performance Redline
FO 1) Continue to schedule toward the baseline requirement.
Performance Conditions

FO 1) A1l urine passed in flight will be collected, identified (crew-
man, date, and time), processed, and a sample stored and returned.

Voids shall be accumulated for each crewmember over each 24-hour
period and maintained at 10° +5°C (50° +9°F). Within three hours
after termination of the 24-hour urine pool, a 122 (+10, -0) -ml
homogeneous sample (75 ml for M073, 45 ml for MO71, and 2 ml for
volume determination) shall be withdrawn for each crewmember and
frozen below -20°C (-4°F). Due to stowage considerations for
M110 blood samples, half samples of urine (at least 62 ml, rather
than 122 m1) will be collected on twelve davs per the followina
guidelines:



MO73

1) Full samples (i.e., 122 m1) will be collected the day before,
the day of, and the day after collectina blood samples as
defined by M110.

2) Full samples are required each day for the first seven days
and for the last seven days of the mission.

3) Half samples are not to be taken on any two successive days.

Voids accumulated in the 24-hour time period will be regularized
by making the closeout time within 30 minutes of the same hour
each day.

Within the limitations of the Command Module (CM), this experi-
ment will be supported during ascent and recovery phases of the
mission as well as during orbital operations. Measurement and
preservation procedures will be performed in the OWS or recovery
ship as required.

Urine samples will be stored in a passive freezer which maintains
the maximum temperature below -10°C (14°F) at time of recovery.

In-Flight Data
a) Telemetry - None

b) Crew Voice Comments - None
c) Log Books - MNone
d) Photographs - ione’

e) Return Payload - A1l frozen urine samples
For additional details, refer to Appendix A.
Evaluation
Refer to MSC-03022, Scientific Data Analysis and Reporting Plan.
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Experiment M074 SPECIMEN MASS MEASUREMENT

Measure specimen mass in zero gravity.
Purpose and Background

The purposes are to demonstrate accurate nongravimetric measurement in
spaceflight, to validate and explore limits of the spring/mass oscillator

method of mass measurement, and to support biomedical experiments requir-
ing mass measurement.

A set of known small masses will be used to establish a calibration
under weightless conditions, which will necessarily be different from one-
g calibration. This will allow comparison of unknown to known masses.

Functional Objectives

® Demonstrate mass measurement without gravity and validate theoretical
characteristics of the device.

FO 1) Perform SMMD calibration validations using preflight calibrated
thru masses of 50, 100, 150, 250, 350, 500, 750, and 900 grams.
FO 3)

Performance Requirements

a) Baseline Requirement

FO 1) Calibration measurements will be taken on each of the two SMMD's
thru as soon as possible during OA activation (FO 1), and every
FO 3) 24 (+2) days thereafter (FO 2 and FO 3) for a total of three
performances.
b) Minimum Scheduling Requirement
FO 1) Same as the baseline requirement
thru
FO 3)
c) Performance Redline
FO 1) Continue to schedule toward the baseline requirement.
thru
FO 3)
Performance Conditions
FO 1) Each mass will be measured five times.
;Brg) During performance of this experiment, the vehicle will be in

solar inertial attitude and momentum dumps will be inhibited.
Any measurements made during inadvertent shocks or accelerations
shall be repeated.

Calibration validation will be accomplished per procedures con-
tained in the appropriate check Tlist.
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In-Flight Data
a) Telemetry - None

b) Crew Voice Comments - Calibration data [timer display, SMMD
temperature. comments on SMMD operation. Greenwich Mean Time
(GMT), specimen identification and SMMD unit identification] will
be transmitted by voice to the ground. Calibration data will be
made available to the Principal Investigator within 48 hours
after each calibration sequence.

c) Log Books - Calibration data (timer display, SMMD temperature,
comments on SMMD operation, GMT, specimen identification, and
SMMD unit identification) will be logged.

d) Photographs - None
e) Return Payload - Experiment log books
For additional details, refer to Appendix A.
Evaluation
Refer to MSC-03022, Scientific Data Analysis and Reporting Plan.
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Experiment M092 [N-FLIGHT LOWER BODY NEGATIVE PRESSURE

Obtain cardiovascular data in a zero-
gravity environment.

Purpose and Background

The purpose is to detect and measure the degradation in cardiovascular
function resulting from space flight.

Crewmen of Projects Mercury, Gemini and Apollo as well as subjects of
recumbency and immersion studies, exhibited a reduced orthostatic tolerance
when exposed to the stress of passive tilt table studies during the post-
flight, postrecumbency, or postimmersion period. Characteristic features
of this orthostatic response are cardioacceleration, lower extremity pool-
ing of blood, and decreased pulse pressure. Severe orthostatism invaria-
bly results in syncope (loss of consciousness). Additionally, loss of
body water (evidenced by weight loss), decrease in red blood cell mass,
decrease in red blood cell survival time, and increase in red blood cell
fragility have been demonstrated postflight in Gemini flight crews. There-
fore, it is significant to future manned mission safety to detect and
measure space flight cardiovascular adaptation (degradations in car-
diovascular function which may impair manned performance during space flight
or after return to earth's environment) and establish the time course of
these changes.

Functional Objectives

® Detect and measure the degradation in cardiovascular function result-
ing from space flight.

FO 1) Perform the In-Flight Lower Body Negative Pressure
thru (LBNP) experiment using an LBNP device.
FO 17)

Performance Requirements

a) Baseline Requirement

FO 1) Each crewman will participate in the LBNP tests at approximately
thru the same time each day, every third day (FO 1 thru FO 17) during
FO 17)  the mission. This will result in more than 17 LBNP tests ner
crewman provided the every-third-day routine can be maintained.
It is permissible, when time constraints so dictate, to change
the three-day time interval by + one day; however, any such change
or combination of changes will not allow tests to be performed
on a given crewman on successive days. (Each FO will be com-
pleted when all three crewmen have completed a M092 performance.)

b) Minimum Scheduling Requirement

FO 1) Same as the baseline requirement
thru
FO 17)
c) Performance Redline
FO 1) Continue to schedule toward the baseline requirement.
thru
FO 17)
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Performance Conditions

FO 1)
thru
FO 17)

The experiment will be performed using each of the three astro-
nauts as subjects per procedures contained in the appropriate
checklist. One astronaut will be an observer for each run.

This experiment will commence as soon as possible after Orbital
Workshop (OWS) activation.

This experiment will not be performed for at least one hour if
exercise or work rate has exceeded 1000 BTU/hr at any time during
the preceeding hour, nor should it be performed while unduly
fatigued.

It is highly desirable that at least two hours and mandatory
that at least one hour intervene between eating and the
performance of this experiment.

It is mandatory that a crewman participate in the M092 tests
during the same part of the day for each performance, i.e., a
morning run will always be finished prior to the noon eat period
and an afternoon run will always be finished by the evening eat
period. If his first test is done in the morning, then all
subsequent tests will be done in the morning. If his first test
is done in the afternoon, then all subsequent tests will be done
in the afternoon.

It is desirable that M092 be followed immediately by M093 (Vector-
cardiogram) or, when applicable, by M171 (Metabolic Activity) in
order to reduce requirements for subject instrumentation.

Although sequential performance of M092, M093, or M171 is desir-
able, M092 must in all instances be the first experiment in the
sequence.

The tests should be performed at an OWS ambient temperature of
67°F to 78°F at 5 psia.

Air motion is the vicinity of the equipment will be controlled
from 15 fpm to 100 fpm. There is no requirement for measurement
of air velocity unless an out of tolerance condition is suspected.

At least three hours should intervene from the time of a hot
shower before the performance of this experiment.

A performance by each crewman will be accomplished as close to the
end of the mission as possibie.

One-half hour should elapse following a venipuncture before the
performance of this experiment.

In-Flight Data

a)

Telemetry - Required telemetry measurements for each LBNP session
will be transmitted on a real-time basis when ground coverage
permits; otherwise the data will be recorded for subsequent play-
back and transmission. Dumps of recorded data will be initiated
at least once each day that the experiment is performed.
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b) Crew Voice Comments - Comments by subject and observer wiil be
recorded during conduct of the experiment. Voice observations
will be required on the presence or absence of symptoms and/or
physical signs resulting from the experiment.

c) Log Books - Any crew voice comments and related data which can-
not be recorded on the voice recorder will be entered in the
appropriate experiment log.

d) Photographs - None
e) Return Payload - Log books, if any
For additional details, refer to Appendix A.
Evaluation
Refer to MSC-03022, Scientific Data Analysis and Reporting Plan.
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Experiment M093 VECTORCARDIOGRAM

Obtain electrocardiograph data in a
zero-g environment,

Purpose and_Background

The purpose is to measure electrocardiogranhic potentials in a zero-
g environment,

The stresses of space flight produce changes in the cardiac function
of the crewman which are reflected in electrical potential variations on
the surface of the body. This experiment is designed to measure these
electrocardiographic potentials of each crewman during the weightless
period and the preflight and postflight periods by methods that will allow
precise quantitative measurement of the changes that occur.

Vectorcardiograms (VCG's) taken on each crewman at reqular intervals
during space flight will be compared with VCG's taken prior to flight and
postflight. Changes in the VCG patterns will be correlated with anatomical
and functional changes in the heart using computer techniques for data
reduction and analysis.

Functional Objectives

® Measure electrocardiographic potentials of each crewman during
weightless period by methods that will allow precise quantitative measure-
ment of the changes that occur.

FO 1) Obtain VCG's on each crewman every third day during the mission.
thru
FO 17)

Performance Requirements

a) Baseline Requirement

FO 1) VCG's will be taken on each crewman every third day (FO 1 thru

thru FO 17) durina the mission. This will result in more than 17

FO 17) VCG's per crewman provided the every-third-day routine can be
maintained. It is permissible, when time constraints so dictate,
to change the three-day time interval by + one day. (Each FO
will be comnleted when all three crewmen have completed a
M093 performance.)

b) Minimum Scheduling Requirement

FO 1) Same as the baseline requirement
thru
FO 17)
c) Performance Redline
FO 1) Continue to schedule toward the baseline requirement.
thru
FO 17)
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Performance Conditions

FO 1)
thru
FO 17)

VCG's will be taken on each crewman commencing as soon as possible
after Orbital Workshop (OWS) activation per procedures contained
in the appropriate checklist.

This experiment will not be performed for at least one hour if
exercise or work rate has exceeded 1000 BTU/hr at any time during
the preceeding hour, nor should it be performed while unduly
fatigued.

This experiment will not be performed less than one-half hour
after the motion sensitivity test of MI131.

It is highly desirable that at least two hours and mandatory that
at least one hour intervene between eating and performance of this
experiment.

It is mandatory that a crewman participate in the M0O93 tests
during the same part of the day for each performance, i.e., a
morning run will always be finished prior to the noon eat period
and an afternoon run will 3lways be finished by the evening eat
period. If his first test is done in the morning, then all
subsequent tests will be done in the morning. If his first test
is done in the afternocon than all subsequent tests will be done
in the afternoon.

It is desirable that this experiment be performed immediately
after completing M092 (In-Flight Lower Body Negative Pressure).

VCG data from eight in-fliaht performances of Exneriment M171 by
each crewman may be substituted for eight in-flight nerformances
of M093. The M171 protocol will govern these performances.

The tests should be performed at an OWS ambient temperature of
67° to 78°F at 5 psia.

Air motion in the vicinity of the experiment will be controlled
from 15 fpm to 100 fpm. There is no requirement for measurement
of air velocity unless an out of tolerance condition is suspected.

A bicycle ergometer from Experiment M171 will be used by the
subject for the exercise period required for the vectorcardiogram.

At least three hours should intervene from the time of a hot
shower before the performance of this experiment.

A performance by each crewman will be accomplished as close to
the end of the mission as possible.

One-half hour should elapse following a venipuncture before the
performance of this experiment.

In-Flight Data

a)

Telemetry - Required telemetry measurements for each experiment
session will be transmitted on a real-time basis when ground
coverage permits; otherwise the data will be recorded for sub-
sequent playback and transmission.
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Crew Voice Comments - Voice data for each experiment sessio
will be transmitted on a real-time basis when ground coverage
permits; otherwise the comments will be recorded for subsequent
playback and transmission.

c) Log Books - None

d) Photographs - None

e) Return Payload - None

For additional details, refer to Appendix A.
Evaluation

Refer to MSC-03022, Scientific Data Analysis and Reporting Plan.
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M110 Series HEMATOLOGY AWND IMMUNOLOGY SERIES

&E?ger&Tﬁthngl&ﬁiS) Obtain blood samples during space-

flight.
Purpose and Background

The purpose is to acquire blood samples from each of the Skylab crew-
men at regular intervals during flight, and to separate and preserve these
samples for postflight analyses accordina to the protocols of M0O71, M073,
M112, M113, M114 and M115. (Note: Specific DTO's have not been included
in this Mission Requirements document on Experiments M112 thru M115 since
their total in-flight reauirements are satisfied by M110.)

Analysis of in-flight blood samples is an important complement to the
pre- and postflight testing done in the above experiments. The overall
purpose of experiments M112 thru M115 is to evaluate changes in the bio-
chemical composition of the constituents of blood which might result from
protonged spaceflight. The in-flight samples are necessary to determine
the effects of long duration spaceflight upon man's biochemical processes;
to identify and establish significant trends in these data; to differen-
tiate the relative effects of the stresses of launch, prolonged weightless-
ness, and reentry; and to establish the time course of adaptive processes.

Functional Objectives

® Acquire blood samples from each crewman at regular intervals during
flight.

FO 1) Collect in-flight blood samples from each crewman eight times

thru during the mission. Separate the plasma and cellular phases of

FO 8) the blood by centrifugation, and preserve both samples by freezing
to prevent degradation of the biochemical constituents prior to
postflight analyses. Preserve a portion of the first and last
whole blood samples by chemical fixation.

Performance Requirements

a) Baseline Requirement

FO 1) Obtain and process sample 1 on the first day after activation of
workshop (no later than day 3).
FO 2) Obtain and process sample 2 on day 5 or day 6.
FO 3) Obtain and process sample 3 on day 12(+1).
FO 4) Obtain and process sample 4 on day 19(+1).
FO 5) Obtain and process sample 5 on day 26(+1).
FO 6) Obtain and process sample 6 on day 37(+1).
FO 7) Obtain and process sample 7 on day 47(+1).

FO 8) Obtain and process sample 8 on the last day possible prior to
reentry (day 54 or 55 is highly desirable).
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b) Minimum Scheduling Requirement

FO 1) Same as the baseline requirement

thru

FO 8)

c) Performance Redline

FO 1) Continue to schedule toward the baseline reguirement.

thru

FO 8)

Performance Conditions

FO 1) Detailed procedures for obtaining and processing in-flight blood

thru samples are contained in the appropriate checklist.

FO 8) A1l three crewman will participate in the blucd sampling sessions.
The blood samples (of approximately 11 ml per crewmen) should be
drawn in the morning shortly after rising. An eight-hour fasting
period should precede the blood draw, and there should be no
strenuous exercise (greater than 700 BTU/hr) for two hours prece-
ding sample acauisition.

The blood samples in the Automatic Sample Processor (ASP) will be
centrifuged in a special in-flight unit. The separated plasma/
blood samples will then be removed as soon as possible after
completion of the centrifuge cycle (30 minutes maximum) and
frozen in designated slots of the urine return container for
recovery.

On the first and last sample day, a sample of approximately 0.1 mi
of blood will be injected into a fixed cell sample vial contain-
ing 1 ml of 0.5% glutaraldehyde. These fixed cell samples will
be returned in the In-Flight Medical Support System return
container.

In-Flight Data

a) Telemetry - None

b) Crew Voice Comments - Date, crewman identity, ASP serial number,
and blood vial serial number

c) Log Books - None
d) Photographs - None
e) Return Payload - Frozen blood samples and fixed cell samples

For additional details, refer to Experiments MO71, M073, and Mil2
thru M115 of Appendix A.

Evaluation

Refer to MSC-03022, Scientific Data Analysis and Reporting Plan, as

related to Experiments MO71, MO73, and M112 thru M115.
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Experiment M131 HUMAN VESTIBULAR FUNCTION

Obtain data on semicircular canal
stimulation and spatial localization.

Purpose and Background

The

purpose is to determine the effects of prolonged absence of gravity

on an astronaut's susceptibility to Coriolis force and on his judgment
of spatial Tocalization.

Evaluation of related hypotheses includes the following significant

factors:

a)

b)

If there is no measured acute change in motion sensitivity in

any of the crew, then the results would not be consistent with
transient zero-g aircraft studies. In this case, these types of
studies may be de-emphasized for future usefulness, but a greater
need for future studies on orbiting and rotating spacecraft would
be indicated.

If increased susceptibility is accompanied by decreased canal
threshold, then an etiological (intralabyrinthine) mechanism may
be defined which would indicate the need for artificial gravity
in terms of otolithic modulating activity.

If there is increased susceptibility but not change in canal
thresholds, then the importance of functional interaction of

canals and otoliths with other physiological systems (cardiovascular,
etc.) in the production of behavior decrement or malaise would be
demonstrated.

If there is no change in susceptibility but a definite change in
canal thresholds, then insufficient time for the effect to mani-
fest itself in whole body response or the role of compensatory
mechanisms to act would be indicated.

Functional Objectives

@ Determine man's adaptability to unusual vestibular conditions and to
predict habitability of future spacecraft conditions involving sub-
aravity and Coriolis forces.

FO 1)
thru
FO 6)

Perform Motion Sensitivity (MS) tests using the Rotating
Litter Chair (RLC) in the rotating mode to determine
susceptibility to Coriolis forces as a function of time
in weightlessness, and measure semicircular canal
response thresholds by conducting Oculogyral ITlusion
(0GI) threshold tests.

® Measure the accuracy and variability in the judgement of spatial
coordinates based upon atypical aravity receptor cues and inadequate
visual cues.
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FO 7)
thru
FO 9)

M131

Perform spatial localization tests using the Otolith Test ‘
Goggles (0TG), the rod and sphere device, and the RLC in
the static mode.

Performance Requirements

FO 1)
thru
FO 6)

FO 7)
thru
FO 9)

FO 1)
thru
FO 9)

FO 1)
thru
FO 9)

Performance Conditions

a)

Baseline Requirement

Six MS and OGI tests will be performed on each of two crewmen (FO 1
thru FO 6) for a total of twelve tests during the mission. The
first MS/0GI tests will be performed no later than mission day 5.

The spatial localization tests will be performed on all crewmen
once early (on day 3 thru €) in the mission (FO 7), once in the
middle (on day 26 thru 30) of the mission (FO 8), and once late
(on day 50 thru 56) in the mission (FO 9).

Minimum Scheduling Requirement
Same as the baseline requirement

Performance Redline
Continue to schedule toward the baseline requirement.

FO 1)
thru
FO 6)

FO 7)
thru
FO 9)

FO 1)
thru
FO 9)

The combined 0GI and MS tests will be conducted no closer than
every other day and will be equally time spaced where possible.

It is highly desirable to perform the OGI test immediately prior
to the MS test.

No MS testing shall be done until one hour after completion
of a meal.

Spatial localization (static) tests should not be performed on the
same day as rotating (dynamic) tests. However, if it is necessary
to run both types of tests on the same day, then the static tests
will precede the dynamic tests.

Participatina crewmen will perform as experiment subjects within
a 16-hour period for each FO.

A1l crewmen should go through the same test on any one day rather
than mixing the tests of FO 1 thru FO 6 with the tests of FO 7
thru FO 9.

During the second scheduled NGI experiment session and with one

crewman only (preferably the Pilot), the camera will be started

immediately prior to initiation of the last set of acceleration/
deceleration profiles and stopped at the end of this set.
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During the second scheduled MS experiment session (i.e., same day
as OGI threshold filming) and with both the Pilot and Scientist
Pilot, the camera will be started when the crewman initiates

the first head movement sequence and will be stopped when the
crewman reaches the Malaise Ila Tevel.

If film is available after the above MS test, then during the
second scheduled spatial localization session and with one crew-
man only (preferably the Commander), the camera should be
started at the beginning of the 1itter mode at 41° and stopped
at the end of the litter mode at 41°.

Finally, the remaining film, if any, will be used to photograph
subsequent MS tests until film depletion.

This experiment will be performed per procedures contained in
the appropriate checklist.

The Orbital Workshop (OWS) ambient temperatures for the experi-
ment should lie within a range of 67° to 78°F at 5.0 psia.

Air motion in the vicinity of the experiment shall be controlled
from 15 feet per minute to 100 feet per minute. There is no
requirement for measurement of air velocity unless an out of
tolerance condition is suspected.

During the performance of OGI and spatial Tocalization tests, the
. vehicle will be in solar inertial attitude and momentum dumps will
be inhibited.

The OWS lighting should be adequate, while the experiment is in
progress, to allow the observer to recognize color changes in
the subject's face and to read applicable instrumentation.

In-Flight Data

a) Telemetry - M131 telemetry measurements will be recorded on the
AM recorder for subsequent playback and transmission to the
ground.

b) Crew Voice Comments - The required comments from the participa-
ting crewman will be recorded for playback.

c) Log Books - None. Entries will be recorded on log sheets with
the checklist or on the cue card as appropriate for the specific
test. Data will subsequently be voice recorded for playback.

d) Photographs - One cassette of 16-mm color sequence photographs
will be taken to document selected parts of the experiment.

e) Return Payload - Logged data (only if voice logging was not
accomplished), film, and one Otolith Test Goggle

For additional details, refer to Appendix A.
Evaluation
‘ Refer to MSC-03022, Scientific Data Analysis and Reporting Plan.
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Experiment M133 SLEEP MONITORING

Obtain data on sleep patterns
in a space environment.

Purpose and Background

The purpose is to objectively evaluate sleep quantity and quality
during prolonged space flight.

It has been shown that subjective assessment of one's sleep quality
is frequently inaccurate. A method for objectively evaluating sleep is to
determine the electrical activity of the brain and the motions of the eyes
during the sleep period. Onboard analysis of the electroencephalographic
(EEG), electro-oculographic (EOG) activity, and near real-time telemetry
of analysis results will provide an objective progressive record of sleep
throughout the flight.

It has been demonstrated that disrupted patterns of sleep are asso-
ciated with modified performance capability. Accurate information regard-
ing sleep in the space environment is, therefore, of practical signifi-
cance and may find useful application in future mission planning.

Functional Objectives

® Objectively evaluate sleep quantity and quality during prolonged space
flight.

FO 1) Obtain EEG, EOG, and head movement data from a subject
thru continuously during a sleep period for 21 scheduled
FO 21) sleep periods.

Performance Requirements

a) Baseline Requirement

FO 1) EEG, EOG, and head movement data will be taken during 21 (FO 1
thru thru FO 21) reqularly scheduled sleep periods. The flight record-
FO 21)  ing of the sleep periods will be accomplished on mission days
3, 4, 5, 8, 11, 14, 17, 20, 23, 26, 29, 32, 35, 38, 41, 44, 47,
50, 52, 53 and 54.

b) Minimum Scheduling Requirement

FO 1) Same as the baseline requirement
thru
FO 21)
c) Performance Redline
FO 1) Continue to schedule toward the baseline requirement.
thru
FO 21)
Performance Conditions
FO 1) Experiment preparation and postoperation tasks will be accom-
thru plished per procedures contained in the appropriate checklist.
FO 21)

Recordings will be made during the regularly scheduled sleep
periods.
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In-Flight Data

a) Telemetry - Results of the onboard sleep stage analysis will be
transmitted to the ground on a near real-time basis.

b) Crew Voice Comments - iNone

c) Log Books - Astronaut log entries will be made following each
monitored sleep period.

d) Photographs - None

e) Return Payload - Log books (if voice logging was not accomplished)
and two reels of magnetic tape with sleep data

For additional details, refer to Appendix A.
Evaluation
Refer to MSC-03022, Scientific Data Analysis and Reporting Plan.
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Experiment M151 TIME AND MOTION STUDY
Obtain photographs of crew activity.
Purpose and Background

The purpose is to study the adaptability, mobility, fine and gross
motor activities of crewmen and effects of other variables on motor
activity in work and task performance during a spaceflight of up to 56
days duration.

Skylab film will produce time and motion data directly applicable to
the Skylab Program and will be especially valuable for future programs.
Specifically, they are pertinent to:

a) Providing an insight into the nature of work performed in space
flight, the variables affecting the time and motion patterns re-
quired to perform specific tasks, and valuable information for
the design of procedures, methods, tasks and equipment for
future missions.

b) Providing supplemental pictorial information (in conjunction
with planned metabolic activity, extravehicular activity,
and other studies) regarding the effectiveness of restraint
systems utilized and energy cost of astronaut movements.

c¢) Determining the training time and level of training which will be
required of astronauts to perform certain in-flight tasks, es-
pecially portions of approved experiments.

d) Determining the training time and resource requirements which may
be anticipated for ground-based training (including neutral
buoyancy) and zero-g training flights for specific types of
astronaut activities.

e) Determining the time requirements for the conduct of specific
types of in-flight activities and thereby provide an input to
mission planning for future flights.

Functional Objectives

® Determine the effectiveness with which crewmen perform in-flight
tasks when compared with the same task performed in training on earth as
measured by time and motion determinants.

FO 1) Photograph two crewmen during donning of vectorcardiogram (VCG)

thru sensors, harness and belt; translation to and from and ingress

FO 10) and egress of confined enclosures; and mounting, applying re-
straints, and operating the ergometer.

FO 11) Photograph crew activity during the deployment and retrieval of

thru experiment hardware of large size and mass, including transia-

FO 18) tion, installation, activation, transfer from one Tocation to
another, removal, and stowage of the hardware.

FO 19) Photograph crew activity during the deployment and retrieval of
thru experiment hardware of medium size and mass, including translation,
FO 23) installation, activation, removal, and stowage of the hardware.

FO 24) Photograph two crewmen during activity pertinent to donning
thru and doffing of the pressure garment assembly.
FO 26)
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FO 27)
thru
FO 29)

M151

Photograph crew maintenance type activities associated with ‘
experiment hardware which requires the repeated removal and
installation of subassemblies..

Performance Requirements

a)

FO 1)
thru
FO 29)

b)

FO 1)
thru
FO 23

)
FO 24)
thru
FO 29)
)

c

FO 1)
thru
FO 23)

FO 24)
thru
FO 29)

Baseline Requirement
The baseline requirement is shown in the following MI51 Table
of Baseline Requirements.

Minimum Scheduling Requirement
Same as the baseline requirement

None

Performance Redline
Continue to schedule toward the baseline requirement.

None

Performance Conditions

FO 1)
thru
FO 29)

The crewmen will perform and photograph activities in accordance
with procedures contained in the appropriate checklist.

A sufficient number of performances of selected crew activities
(see following M151 Table of Baseline Requirements) will be
photographed to provide data for study of the potential variables
which satisfy the functional objectives of M151. If one of the
prime photographic activities is not performed for any reason,
the M151 Principal Investigator will be available for consul-
tation on a real-time basis for selection of an alternate or
contingency activity source.

During experiment operations, a voice record will be made identi-

fying the experiment, crewmen, cassette, camera setting, and
Greenwich Mean Time.

It is highly desirable to obtain television data that will
supplement in-flight sequence photographs.
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In-Flight Data .
a)

Telemetry - None

b) Crew Voice Comments - Date and identification of activity photo-
graphed, supply cassette identification and percent of film
remaining in that cassette at end of each activity photographed,
and take-up cassette identification and percent of film loaded
into that cassette at end of each activity photographed.

¢) Log Books - None
d) Photographs - Photographs as required by FO 1 thru FO 29

e) Return Payload - 16-mm motion picture film (in a quantity equiva-
lent to 14 cassettes)

For additional details, refer to Appendix A.

Evaluation
Refer to MSC-03022, Scientific Data Analysis and Reporting Plan.
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Experiment M171 METABOLIC ACTIVITY

Obtain data on man's metabolic
effectiveness in zero gravity.

Purpose and Background

The purpose is to determine if man's metabolic effectiveness in
doing mechanical work is progressively altered during exposure to a space
environment.

A bicycle ergometer will be evaluated as an exerciser during the
mission.

The metabolic rate will be measured in terms of oxygen consumption,
carbon dioxide production during rest, and calibrated exercise using an
erqgoneter. In addition, body temperature, minute volume, blood pressure,

heart rate, and vectorcardiogram data will be taken. Vital capacity will
be measured separately.

The entire set of measurements will be repeated throughout the mission
to determine the effects due to mission duration.

In order to evaluate results obtained in flight, ground-based data
will be obtained on each crewman. Additional ground-based physiological
data will be obtained where practicable in separate studies, including bed

rest, water immersion, reduced gravity simulators, and exercise training
protocols.

Functional Objectives

® Determine if man's metabolic effectiveness in doing mechanical work is
progressively altered during exposure to a space environment.

FO 1) Perform calibrated exercise (by all three crewmen) on a
thru bicycle ergometer.
FO 8)

Performance Requirements

a) Baseline Requirement

FO 1) Bicycle ergometry will be performed eiaht times (FO 1 thru FO 8)
thru by each crewman as a test subject for a 56-day mission, FO 1
FO 8) will be performed as close to activation as possible and FO 8

as close to end of mission as possible. The remaining FO's will

be spaced evenly throughout the mission. (Each FO will be

completed when all three crewmen have completed a M171 performance.)

b) Minimum Scheduling Requirement

FO 1) Same as the baseline requirement
thru
FO 8)
¢) Performance Redline
FO 1) Continue to schedule toward the baseline requirement.
thru
FO 8)
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Performance Conditions

FO 1) Resting metabolic rate and bicycle ergometry will be conducted
thru per procedures contained in the appropriate checklist.
FO 5)

Prior to scheduling the experiment, there must be:

a) A two-hour delay if eating is scheduled before performing
the experiment

b) A one-hour delay if exercise or work rate has exceeded
1000 BTU/hr at any time during the preceding hour

This experiment should not be performed while unduly fatigued.

It is mandatory that a crewman participate in the M171 tests
during the same part of the day for each performance, i.e., a
morning run will always be finished prior to the noon eat period
and an afternoon run will always be finished by the evening eat
period. If his first test is done in the morning, then all sub-
sequent tests will be done in the morning. If the first test is
in the afternoon, then all subsequent tests will be done in the
afternoon.

Durina the experiment performance, the environmental gas tempera-
ture should be within the range of 67° to 78°F at 5 psia.

Air motion in the vicinity of the equipment will be controlled from
15 feet per minute to 100 feet per minute. There is no requirement
for measurement of air velocity unless an out of tolerance condi-
tion is suspected.

In-Flight Data

a) Telemetry - Experiment and supporting telemetry measurements
will be transmitted in real time or near real time.

b) Crew Voice Comments - Comments by the subject and observer wi11
be transmitted in real time or near real time.

c) Log Books - Appropriate data will be recorded on cue card
for subsequent voice recording and playback.

d) Photoaraphs - None
e) Return Payload - Log books, if voice logging was not accomplished.
For additional details, refer to Appendix A.
Evaluation
Refer to MSC-03022, Scientific Data Analysis and Reporting Plan.
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Experiment M172 BODY MASS MEASUREMENT

Measure body mass in zero gravity.
Purpose and Background

The purposes are to demonstrate accurate nongravimetric measurement in
spaceflight, to validate and explore limits of the spring/mass oscillator
method of mass measurement, and to support biomedical experiments requiring
mass measurements.

Known calibrated masses will be used to establish a calibration under
weightless conditions, which will necessarily be different from one-g
calibration. This will allow comparison of unknown to known masses.

Functional Objectives

® Demonstrate body mass measurement without gravity and also va]xdate
theoretical behaviors of the device.

FO 1) Perform BMMD calibration validations using preflight
thru calibrated masses from 0 to 100 kilograms.
FO 3)

Performance Requirements

a) Baseline Requirement

FO 1) Calibration measurements will be made as soon as possible after
thru Orbital Assembly activation (FO 1), and every 24 (+2) days there-
FO 3) after (FO 2 and FO 3) for a total of three performances.

b) Minimum Scheduling Requirement

FO 1) Same as the baseline requirement
thru
FO 3)
c) Performance Redline
FO 1) Continue to schedule toward the baseline requirement.
thru
FO 3)
Performance Conditions
FO 1) Calibration validation will be per procedures contained in the
thru appropriate checklist.
FO 3)

The measurement of each mass during calibration or operation
will be repeated five times.

During performance of this experiment, the vehicle will be in
solar inertial attitude and momentum dumps will be inhibited.
Any measurements made during inadvertent shocks or accelerations
will be repeated.

Calibrated masses to be used are stowed items, and are identified
in the appropriate checklist.

3-45



M172

In-Flight Data
a) Telemetry - None

b) Crew Voice Comments - Calibration data [calibration time for each
mass, Greenwich Mean Time (GMT), BMMD temperature, and mass iden-
tification] will be transmitted by voice to ground. Calibration
data will be made available to the PI within 48 hours after
each calibration sequence.

Comments will be made on the operation of the BMMD.

c) Log Books - Calibration data (calibration time, GMT, BMMD tempera-
ture, and mass identification) will be logged.

d) Photographs - None
e) Return Payload - Loa books
For additional details, refer to Appendix A.
Evaluation
Refer to MSC-03022, Scientific Data Analysis and Reporting Plan.
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3.2.2 Apollo Telescope Mount Experiments

There are six Apollo Telescope Mount (ATM) experiments. They are:

S052 White Light Coronagraph

S054 X-Ray Spectrographic Telescope

S055A Ultraviolet Scanning Polychromator-Spectroheliometer
S056 Extreme Ultraviolet and X-Ray Telescope

S082A Coronal Extreme Ultraviolet Spectroheliograph

S082B Chromospheric Extreme Ultraviolet Spectrograph

These ATHM sections present a joint experiment approach to the defini-
tion of the AT experiment requirements. These requirements are described
in the following sections where the relationships between Joint Observing
Programs (JOP), Scientific Objectives, Operational Constraints, Building
Blocks (BB), and Skylab Program scheduling guidelines are presented.

3.2.2.1 ATM Joint Observations
a) ATM Viewing Time

The candidate JOP's for the ATM Principal Investigator Group selection
on Mission SL-3 are presented in Section 3.2.2.4. This selection will
depend upon the solar behavior, film consumable status and final ATM
viewing period selection consistent with the flight planning guidelines
of Section 2 (described below for ATM). The ATM Principal Investigator
Group will have wide latitude to make JOP selections so that scientific
yield from the ATM solar observations may be optimized. The limits placed
on this selection latitude are described in Section 3.2.2.1(c).

The flight planning guidelines for ATM are described as follows:

Crew-attended ATM operations shall be given scheduling priority
for one crewman, exclusive of those periods allocated to EREP,
for all daylight passes (plus the necessary night periods) for
all identified experiment days. The ATM scheduling objective
shall be 205 daylight hours, excluding ATM checkout, above the
400-km observing constraint defined in Section 3.2.2.1(d)2. Any
additional ATM viewing time that is available, due to the ATM
scheduling priority stated above, will be allocated and used for
ATM observations in the same manner as the 205 hours. Reduced
scheduling guidelines (i.e., performance redlines) for real-time
contingency flight planning are contained in paragraph 2.3.4.2.4(b).

Crew-attended operations shall be scheduled for a maximum of

8 orbital night passes for performance of JOP-13. The scheduling
of JOP-13 maneuvers shall not interfere with operational require-
ments of corollary experiments.

JOP-7 and JOP-13 are to be performed with no additional mission
time allocation to ATM,
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b)

ATHM will be given top scheduling priority on the first three
daylight passes after 1200 hours, Central Daylight Savings Time
on August 7, 1973, for the purpose of experiment calibration
with the Harvard College Observatory (HCO) calibration rocket.
Alternate calibration rocket launch dates will be negotiated
during the daily flight planning session; these alternate launch
dates are anticipated to be August 9 and August 11, 1973,

ATM will be given top scheduling priority during the last four
manned daylight passes on August 14, 1973, for the purpose of
experiment calibration with the Naval Research Laboratory (NRL)
calibration rocket launch. Alternate calibration rocket launch
dates will be negotiated during the daily flight planning
session; these alternate launch dates are anticipated to be
August 16 and August 18, 1973.

Joint Observing Programs

Currently 17 JOP's have been identified and appear in Section

3.2.2.4.

c)

They are:

ATM JOP-1 Study of the Chromospheric Network and its
Coronal Extension

ATM JOP-2 Active Regions

ATM JOP-3 Flares

ATHM JOP-4 Prominences and Filaments

ATM J0OP-5 Limb Profile Studies

ATM JOP-6 Synoptic Observations of the Sun

ATM JOP-7 Atmospheric Extinction

ATM JOP-8 Coronal Transients

ATM J0P-9 Solar Wind

ATM JOP-10 Lunar Libration Clouds

ATM JOP-11 Chromospheric Oscillations and Heating

ATM J0OP-12 Program Calibration

ATM JOP-13 Observations of Night Sky Objects
ATHM JOP-14 Solar Eclipse

ATM JOP-15 Coronal Holes

AT JOP-16 Disk Transients

ATM J0OP-17 Coronal Bright Spot

ATM Principal Investigator Participation

The ATM PI group will be allowed maximum flexibility in the selection
of daily ATH viewing schedules. For nominal experiment operation PI
changes in established observing programs will be limited to the following:

1) An experiment or a particular mode for an experiment may be
deleted from a BB.

2) A BB may be truncated or entered at the points indicated
on the BB.

3) The last operational mode for each experiment in a BB can be
extended to any desired time within the allocated ATM time.
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4) Prime pointing assignment {targets) for BB's can be
modified.

5) A single experiment operational mode can be run for filler
purposes.

6) Occasionally, the PI's will schedule a BB in a JOP even
though that BB is not listed for that JOP in the MRD. This
provision is to be used very infrequently.

Although the above changes do not require FOMR approval, the FOMR
will be kept informed of all changes made in the preplanned observing
program.

Other ATH schedule or procedure changes that do not fit into any of
the above six categories must be processed through the Mission Control
Team before an ATH schedule request will be implemented. In addition,
the following changes will require FOMR approval prior to implementation.

1) New JOP's

2) Changes to flare alarm guidelines for unattended ATH
operations (Section 3.2.2.2.f)

3) Changes to the allocated ATM time blocks that could
impact other Skylab operations

4) Any changes that would violate the flight planning guide-
lines of paragraph 3.2.2.1(a)

In all cases, an ATM PI czar decision is required before implementa-
tion of an ATM schedule request. The ATM schedule must be submitted
prior to the deadline for daily crew update messages. Authorized changes
shall be uplinked whenever possible.

d) Joint Observing Programs/Building Blocks - Manned

Each ATM JOP (except JOP 14) calls for the performance of certain
manned BB's presented in Section 3.2.2.5. An explanatory example of a
BB is presented in Figure 3-1.

Certain operating conditions affect or constrain the performance of
the manned BB's. They are:

1) Pre-pass preparations must be complete.

2) Atmospheric interference constraints must be satisfied.
Unless otherwise stated in the JOP, all planning and sched-
uling will reflect that the minimum height above the earth
of the ATM sun line-of-sight is 400 km. In addition, the
performance of certain fill-in operations is desired on
both ends of each viewing pass. The fill-in operations will
depend on such factors as solar conditions and the amount of
film remaining, and therefore, will be scheduled by the
ATM PI's during the mission on an as-required basis.
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3)

Nominal frame rates for Hol camera are to be determined as
follows:

Quiet sun JOP's 1 frame/minute
Active sun JOP's 2 frames/minute
Transient events or 4 frames/minute
flare JOP's

The frame rates shown on the BB's indicate the usual frame
rate for that BB and should be revised by the crewmen when
in conflict., Changes to the above frame rates may be made
during the mission depending on the Hal film utilization.

e) Repetitions of Joint Observing Programs

The following numbers represent a preliminary assessment of the

number of repetitions of each JOP for the SL-3 mission.

of repetitions will be dependent upon solar conditions.

Jop
JOP-1

JOP-2

JOP-3

JOP-4

JOP-5

JOP-6
JOP-7
JOP-8

Parts No. of Repetitions Desired

0 Hrs.

0 Hrs.

WRNWWOO — W PPN

J—
—_
=
=
.

N/A Flare Dependent
N/A Flare Dependent

1
~—

OWE O O OO0 Mmoo o>
1

oo

p—

—_ P =N BN

1

N/A Solar Activity Dependent
N/A Solar Activity Dependent
N/A Solar Activity Dependent
N/A Solar Activity Dependent

oo >
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JOP Parts io. of Repetitions Desired
JOP-9 1
JOP-10 2
JOP-11 A 4
B 2
JOP-12 A 1
B 1
C 1
D 1
E 1
F Once every other day
JOP-13 8
JOP-14 A 1 (Unmanned)
B 1 (Unmanned)
JUP-15 A 1
B 1
C 1
D 1
JOP-16 N/A Solar Activity Dependent
JOP-17 A 2
B 2
C : 2
) 2

f) Priority of Joint Observing Programs

The relative priority and scheduling guidelines of each JOP group
are presented below. JOP-12, A, B, and C defined below, have top
priority. When solar conditions are favorable, the JOP's in the Solar
Activity Group have the next highest priority; otherwise, the JOP's
of Group A will have a higher priority than those of Group B.

Program Solar Activity
Calibration Group Group A Group B
JOP-12 JOP-3 JOP-1 JOP-7
A JOP-8 JOoP-2 JOP-10
B JOP-16 JOP-4 JOP-13
c JOP-5
JOP-6
JOP-9
JOP-11
JOP-12D, E & F
JOP-15
JOP-17

NOTE: JOP-14 has the highest priority for unmanned operations.
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The crewman will interrupt the scheduled observing programs and
substitute JOP-3, JOP-8 or JOP-16 as appropriate. However, JOP-12A and
JOP-12B are not to be interrupted for any reason; S052 is not to be
interrupted while performing JOP-12C at the beginning and end of each
film canister, i.e., the first and last 144 frames; nor is S054 to be
interrupted while performing part C of JOP-12 at the end of each film
canister, i.e., the last 102 frames. Interruptions may be based upon
notification from the ground and/or upon the judgement of the ATA
operator consistent with JOP requirements and daily flare/coronal tran-
sient region guidelines from the AT PI czar.

g) Cross-Reference Table

A summary of the ATM experiment BB-usage by JOP's is presented in
Table 3-2.

3.2.2.2 Other ATH Requirements
a) Unattended Observing Program

The unattended ATH observing programs will make use of the time
during the Skylab [fission when the crewmen are aboard but unavailable for
ATii operations. The JOP data obtained during these periods is somewhat
incomplete since some of the experiments cannot be operated by ground
command. However, for those experiments which can be operated, the data
obtained will be acceptable and can be used to help meet the scientific
objectives of the JOP for which it was obtained. Unattended observations
will be scheduled by the AT PI's during the mission in the same fashion
and at the same time as the manned observations.

The ATM experiments that will normally operate during the unattended
periods are S052, S054 and SO055A. In addition S082A may sometimes operate
if film limitations permit. The individual PI's will have the option of
not participating in any given building block operation.

Each day, a minimum of 75 percent of the unattended solar inertial
orbits shall be made available to meet the detailed unattended observing
requirements included in the JOP descriptions. '

Ground station coverage is required for purposes of transmitting the
uplink commands to initiate all of the experiments during the unattended
periods. Experiments S052, S054, and S082A will automatically stop at
the end of the sequence of the selected mode; Experiment SO55A, unless
inhibited, will automatically start and operate on crossing the sunrise
terminator provided that the last selected mode was a mirror or grating
mode. A1l experiments except S054 will be stopped automatically on
crossing the sunset terminator.

b) Unamanned Observing Program

The unmanned ATM observing programs will make use of the time
from ATM deactivation at the end of SL-2 to ATM activation on SL-3. As
in the case of unattended observing programs, the JOP data obtained
during these periods are somewhat incomplete since some of the experi-
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ments cannot be operated by qround command, since experiment roll is
uncontrolied and since there are some instrument operating modes for S052,
S054 and SN55A which can not be operated in the unmanned mode. However,
for those experiments which can operate, the data are acceptable and can
be used to meet the scientific objectives of the JOP for which it was
obtained. Unmanned observations will be scheduled by the ATI1 PI's on a
daily basis during the mission.

The ATl experiments that can onerate during the unmanned period

are 5052, S054, and S055A. ilote that the main difference in the opera-
tional capability between unmanned and unattended operations is the in-
ability to make daily changes to the ATM C2D panel during the unmanned
period. For this reason S054 will only operate in the 256 second expo-
sure range with command capability for filter 1, 2, or 3 and SO55A cannot
operate in the ILS mode. Of the 14 building blocks described in section
3.2.2.6, BB's U8 and U9 cannot be operated during the unmanned period.

A minimum of 12 hours per day shall be made available for active
pointing ATi1 operations during the unmanned period except or those days
when either AT or OWS simulations are being conducted. The 12 hours per
day period will be used to meet the detailed unmanned AT!1 observing reauire-
ments included in the JOP descriptions and must be scheduled such that
the 12 + 2 hour scheduling requirement of ATM JOP 6 is satisfied. On
those days, when ATH or WS simulations are being conducted, two periods
of unmanned active pointing ATM operations will be scheduled such that
the synoptic observation requirements of ATM JOP 6 will still be satisfied.
It is hiahly desirable that unmanned active pointing ATM operations be
scheduled to include the 5:30 PM to 9:30 PM CDT period to allow simulta-
neous observations by the Culgoora, Australia solar observatory. In
addition to the active pointing ATH operation requirements specified above,
SO55A will be permitted to operate in a fixed pointing mode during the
remainder of the day if the SN55A Principal Investigator so desires.

An exception to the 12 hours per day requirement is that on June 30,
1973, it is required to operate the ATM on nine consecutive orbits. The
fifth orbit is to be the orbit in which the majority of the eclipse occurs;
(approximately 11:30 GMT) therefore, ATM or OWS simulations are not to
be scheduled durina this time period.

Ground station coverage is required for purposes of transmitting
the uplink commands to initiate the experiments during the unmanned period.
Two ground station passes per daylight orbit are desired durina the active
nointing unmanned AT!1 operation periods; however, one around station pass
per daylight orbit is acceptable. Experiments S052 and S054 will auto-
matically stop at the end of the sequence of the selected mode; Experiment
S055A, unless inhibited, will automatically start and operate on crossing
the sunrise terminator provided that the last selected mode was a mirror
or grating mode. A1l experiments except S054 will be stopped automatically
on crossing the sunset terminator.

c¢) Unattended/Unmanned Observations

The unattended/unmanned building blocks are included in Section
3.2.2.6.
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d) Filler Programs

The following may be used as filler programs in cases vihere the
entire ATl orbit is not utilized. Each of the BB's is associated with
the JOP's indicated in Table 3-2 and provides supplemental data for those
programs.

BB Ho.

2

11

6A and 6B

10

7
S082B, Hx and SO55A Co-Alianment
TV Downlink (Section 3.2.2.2, e)
S052, D4 calibration

e) Downlink Television

The ATI! television data are used to satisfy both the near real-time
mission plannina needs and scientific objectives. Data may be obtained
cither by direct transmission (real time) or by delayed transmission (via
the onboard video recorder) to a STDN station.

The crewman shall record G/T on the voice intercommunications
Channel B each time the video recorder is used to record ATiA television
data.

The TV requirements are described in the following paragraphs 1 .
through 7 subject to the implementation limitations of paraqraph 8.

1) Daily operations: Perform one ATM-TV data cycle every manned
ATi1 day. These data will be returned to MMC-H once per day.

Cach data cycle shall consist of a 15 second XUV MO normal
sequence, an XUV ION integration sequence and 15 seconds

each, of Hal, a2, and WLC. The XUV MDil normal sequence will
incorporate the optimum gain setting from SL-2, and the in-
tegration sequence will make use of the optimum integration
time from SL-2 (10 seconds, maximum) with a minimum accept-
able number of repetitions (8 maximum). The gain setting

will be the same as for the XUV MON normal sequence. The WLC
TV operation will not interrupt a data taking sequence of S052.

2) HWRL calibration rocket (JOP-12B): Perform one of the ATH-TV
data cycles as soon as possible during the 4 orbit calibra-
tion sequence. These data will be used for postmission
evaluation.

3) Additional XUV MOil: Each day the PI group will be permitted
to select STDil station contact times for the potential
performance of additional XUV MOl TV downlink operations by
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4)

6)

the crewman (once per day, maximum) provided that such
operations do not interfere with any other planned use of

the CSM USB/FM 1ink. The collection of these TV data shall
also not interfere with any other crew operations or crew
display requirements at the ATM C and D panel. The followina
plan describes the method to be adopted to accomplish this
result.

i) On STDN station passes scheduled for this operation, the
appropriate station will record all TV data for the full
period of station contact.

ii) The onboard system will be set such that the XUV MON 1is
selected on the same monitor that is selected for CSM
USB/FM downlink.

iii) Once station acquisition has been achieved, the ATM crew-

man will be notified via voice 1ink from the around that
the network is ready to accept XUV !MON data at his
convenience during the next ___ minutes of station
contact.

iv) The crewman will then perform the 15 second XUV MOW
normal sequence, XUV MON integration length sequence
and, if possible, the Ho sequence nortion of the data
cycle described in (2) on a non-interference basis with
any other crew operations or crew display renuirements
at the AT C and D panel.

Unattended XUV MON: Each day the PI aroup will be permitted
to select STDN station contact times for the performance of
ground commanded XUV MOH TV downlink operations provided that
such operations do not interfere with any other planned

uses of the CSM USB/FM 1ink. The crewman will be notified,
via an update PAD, each time that he should leave the XUV

MOIl TV system enabled for ground activation during the
unattended period.

On STDH station passes scheduled for this operation, the
appropriate station will activate the Skylab TV system and
record all TV data for the full period of station contact.

XUV SLIT downlink: Several times during the mission, XUV
SLIT data are required for AT pointing stability tests.
The observation time will be selected by the PI group and
included as a part of the daily ATM schedule.

HWLC D4 Calibration: The WLC D4 Calibration check will be
performed a minimum of three times durina the mission. Fach
performance shall include one minute, maximum, of either real
time or recorded WLC TV downlink. The calibration will be
scheduled as part of the daily ATH schedule.
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7) Flare Wait XUV MON television: The Video Tape Pecorder
(VTR) will be required to collect XUV MOW data during
specified flare wait periods as described in JOP 2h(e). Use
of the VTR for this purpose will be negotiated during the
summary flight planning period.

8) Limitations on the implementation of these requirements are:

i) Use of the onboard television system for AT will be on
a non-interference basis with the Skylab Video Documenta-
tion Project (SVDP) requirements in paraaraph 2.3.8.

ii) The video transmission schedule to MCC-H from STDN
stations will be based on requirements of the SVDP.

iii) The STDN video recorders require a minimum of 15 seconds
of onboard ATH video signal prior to any ATM TV data
taking sequence.

f) Flare Alarm Guidelines

The ATH flare alarm system will be activated during all solar inertial
orbits of each crew day as long as the background flux is not expected
to exceed 10 protons/cm2-second at energies greater than 5 lMev. Therefore,
the flare alarm system should be activated as soon as possible after the
crew awakes each morning and deactivated as late as possible each evening.

g) WLC Back-up Pointing Error System

Cross correlation of the T and C&D panel readout for the Fine Sun
Sensor (FSS) wedge angle shall be performed three times durina the mission,
once early and twice evenly space throughout the remainder of the mission.
This cross correlation will be used to assist the ground in providina a
back-up pointing system in case of a malfunction of ejther the FSS or the
SC52 Pointing Reference Subsystem.

h) Unmanned Close-out

The SL-3 ATIi C&D panel close-out requirements necessary to prepare
the ATi1 for SL-4 unmanned operations are included below. The AT experi-
ments that will operate during the unmanned period are S052, 5054, and
SO55A.

1) Experiment S052 shall be left in STD mode selection such that
STD or FAST SCANl operatina modes can be selected and the
experiment can be operated by around command.

2) Experiment SO55A shall be left in the STOP mode selection such
that AUTO RASTER, AUTO SCAN, PEF and SINGLE STEP operatina modes
can be selected and the experiment can be operated by qround
command. The grating should be Teft in the polychromatic
position.

3) Experiment S054 shall be left in the MANUAL, STORAGE, ouT,
SIMGLE, 256 configuration such that filters 1, 2, or 3 can be
selected and the experiment can be operated by ground command.

4) Roll coordinates are to be specified by the ATM PI's prior to
closeout from the ground.

3-58




3.2.2.3

MISSION
STATUS

ATM
OPERATIONS

to the solar north.

C&D panel.

a)

Implementation Guidelines

Manned, Unmanned, and Unattended ATM Operating Periods

The following graphical presentation depicts the ATM operating
periods and defines their relationship to the Skylab Proaram events.

Wote that the basic distinction between the manned and the unattended

ATHM operating periods is the availability of a crewman at the ATl console
for the manned period.

[ Csm
DOCK

ATM
L START

0)

UNATTENDED

77

CSM
UNDOCK

CSM (&7 1) CSm CSm
DOCK UNDOCK DOCK UNDOCK

tva

St-3
UNMANNED

/

SLa NNED &
UNATTENDED UNMLANNED /7‘“[9«050
7
EVA EVA EVA EVA EVA

Guidelines for ATM Manned Operations

Except for ATM operator changes, only one crewman is required at the
ATi1 C&D console for operation of all ATM building blocks. For ATM operator
changes, the overlap period shall be sufficiently long to maintain con-
tinuity in the joint observing programs.

c)

Pointing

Attitude requirements specified in the JOP's describe the angular
relationship between the ATM canister coordinate system and the solar disk
coordinates or features.
pitch and yaw while zero roll alignment exists when canister pitch up is
This zero or reference position for pitch, yaw, and
roll is illustrated in the following figure. The ATM C&D panel nomencla-
ture (up, down, left, right) is also shown along with experiment references.

In terms of the C&D panel monitors the relative position of the ATM
canister and the solar disk may be read on the FSS UP/DN (ARC SEC), FSS
L/R (ARC SEC), and EXP ROLL (ARC MIN) counter readouts. These readings
correspond to pitch, yaw, and roll, respectively. Positive roll rotates
the solar image clockwise, e.g. + 5400 brings W to + Z (See Figure 3-2).

Pointing at the sun center constitutes zero

In some cases the experiment roll requirements described in this
section are expressed in terms of EXP ROLL display readings on the ATM

This counter provides a display, in arc minutes, of the

experiment roll angle, ygr, Which is the angle between solar north and
the FSS "up" projections as seen in the plane of the solar disk. In terms
of the C&D panel monitors, and the solar disk orientation, the EXP ROLL
display readings of +0000, +5400, +(0/9) 800 and -5400 correspond to a
pointing of the solar north pole parallel to tne TV monitor cross hair

in the direction of up, left, down and right, respectively.
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DISPERSION
DIRECTION
054
S055A =
coooe k) +Z CANISTER ——
UP  OCCULTING [T+t
DISK ROTATES | i _.#\_. §
WITH CANISTER) | qF———
— - D]
= —)
S055A RASTER
LEFT +Y CANISTER
RIGHT
/5052
, OCCULTING DISK
/)11 PYLON /7))
AND SHADOW SUN

//

+X CANISTER OUT OF PAPER
DOWN

Schematic, looking at the C&D monitor and at the actual and displayed
sun. R=0000.

Figure 3-2. ATM C&D Monitor Schematic
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The ATM PI's and/or astronauts will select a target (sun centered,
prominence, filament, plage, sunspot, etc.). Once a target has been
selected, tne ATH must be pointed so that the target is within the field-
of-view of all operating instruments taking into account solar rotation
and furthermore, that the instruments with small fields-of-view are
pointing at the appropriate fine spatial detail in the target. This
means that, in general, (of the experiments turned on and operating) the
experiment with the smallest field-of-view (SO55A and/or S082B) or most
critical pointing requirements (S052 when sun centered) controls the fine
pointing. Roll control is determined during detail flight planning
periods and will be uplinked on update pad. Since S055A has several
different fields-of-view, the designation of the pointing priorities for
tne instruments divides into three priority schemes dependent on the SO055A
mode of operation. These are given below. Whenever an experiment is
turned off, control of the fine pointing shifts to the next experiment
on the list. Experiments on the same horizontal line have equal priority.

A. When S055A is in the raster mode.

S052

S082B

S055A

S054, S056, S082A

B. When SO055A is line scanning.

5052
50828, SO55A
S054, S056, S082A

C. When SO55A 1is grating scanning,

S052
S055A, S082B
S054, S056, S082A

d) Coalignment

Coalignment of the H-Alpha 1 and H-Alpha 2 reticles with the S055A
and S082B apertures ensures that a solar feature centered on the reticles
actually falls within the field-of-view of the apertures at the time it
is observed. The coalignment of the instruments will be maintained through-
out the mission.

Either of two coalignment procedures will be scheduled by the ATM
PI's: one which requires pointing the ATM to the upper and left Timbs,
and a Tonger procedure which requires pointing to all four limbs. Both
procedures effect coalignment to the same precision, but the four-limb
procedure is required to enter an S082B FSS BIAS into the ATMDC and to
evaluate the residual offset of the SO55A aperture. The astronaut will
log the coalignment data and make a voice report during a subsequent
ground station pass.

The following sequence of operations will be performed:
During ATM Checkout:
To remove initial misalignments, perform a four-limb coalignment.
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Additional Coalignments

The ATH PI's will schedule additional coalignment operations ‘

along with other AT operations on the basis of the alignment
drift characteristics, the pointing precision required by each
JOP, and any off-nominal condition which might alter the

established coalignment.

e) ATM Operating !lodes

The AT requirements described in the JOP's ultimately call for the
operation of the several instruments in certain data taking modes. These
operating modes appear in each BB as indicated in Figure 3-1. Each of
these modes is described below to the extent necessary to indicate what
instrument sequence is intended by the information contained in tne BB.
lode abbreviations used in the BB's appear in parentheses next to the

mode name below.
Instrument iMode

S052 STD
EXTD STD
CONT
FAST SCAil
SEC PROG

S054 MANUAL (1)

FLARE AUTO (FA)

S055A MIRROR AUTO
RASTER (1AR)

MIRROR 3
RASTER (I13R)

MIRROR LINE
SCAN (MLS)

GRATIHG AUTO
(GAS)

GRATING 3
SCAN (G3S)

Remarks

Programmed sequence
Programmed sequence
Programmed sequence with manual stop
Programmed sequence
Programmed sequence with manual stop

Programmed sequence with FLARE AUTO

switch in the INHIBIT position. The

positions of GRATING, PICTURE RATE,

EXPOSURE RANGE and FILTER switches are .
necessary to describe the desired

operation.

Programmed sequence with FLARE AUTO
switcn in the ENABLE position. The
positions of GRATING, PICTURE RATE,
EXPOSURE RANGE, and FILTER switches
are necessary to describe the desired
operation.

Programmed sequence with manual stop.
The desired grating position and
detectors must be specified.

Same as MIRROR AUTO RASTER except
automatic stop after 3 raster scans.

Programmed sequence with manual stop.
The desired line, grating position,
and detectors must be specified.

Programmed sequence with manual stop.

The desired mirror position and

detectors must be specified.

Same as GRATING AUTO SCAN except

automatic stop after 3 grating scans. ‘
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Instrument

S056

S082A

50828

Mode

STOP

GRATING REF (REF)

GRATING SINGLE

STEP (GSS)

SINGLE FR 1
(SF 1) thru
SINGLE FR 6
(SF 6)

PATROL

PATROL
ACT 1 thru

ACT 3

AUTO

AUTO 1

AUTO 2

TIME

FLARE
AUTO

AUTO STEP

Remarks

Continuous data-taking sequence. The
desired mirror and grating position
and detectors must be specified.

Same as GRATING AUTO SCAN except
grating will stop at reference
position,

Same as STOP except the initial grating
position and frequency of steps must
be specified.

Single exposure sequence. The position
of EXPOSURE switch is necessary to
describe the desired operation.

Programmed sequence. The position
of EXPOSURE switch is necessary to
describe the desired operation.

Programmed sequence. The position of
EXPOSURE switch is necessary to describe
the desired operation.

Programmed sequence. The position of
EXPOSURE switch is necessary to describe
the desired operation.

Programmed sequence that cycles through
ACT 1, ACT 2, and ACT 3. The position
of EXPOSURE switch is necessary to
describe the desired position.

Programmed sequence. The position

of WAVE LTH and EXPOSURE switches are
necessary to describe the desired
operation.

Programmed sequence. The position of
EXPOSURE switch is necessary to describe
the desired operation.

Manual, single frame sequence. The
position of WAVE LTH and the desired
exposure duration are necessary to
describe the operation.

Programmed sequence

Programmed sequence of varying dura-
tion depending an target zone,

Programmed sequence
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Instrument

Hal

Mode

TIME

FLARE
AUTO

MAN

Remarks

Manual, single frame sequence. The
position of WAVE LTH and the desired
EXPOSURE duration are necessary to
describe the operation.

Programmed sequence

Programmed continuous operation. The
position of Hal FR/MIN is necessary
to describe the desired operation.

anual continuous high frame rate
sequence while holding switch depressed.
Duration of high frame rate operation
must be specified.
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Section 3.2.2.4

Joint Observing Programs
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‘ ATM J0P-1 STUDY OF THE CHROMOSPHERIC NETWORK
AND ITS CORONAL EXTENSION

Purpose and Background

Performance of the operations specified in this JOP will provide
data to support:

a) The investigation of the three dimensional structure of the
chromospheric network.

b) A study of the network in the spectral lines and continua formed
in the chromosphere and chromospheric-coronal transition region.

c) A search for the network in the high excitation lines of the
XUV and X-ray portions of the spectrum.

d) A determination of the radial velocity of material at several
levels by the shift of selected spectral lines.

e) Studies of the variation of network structure with time.
Scientific Objectives

JOP 1A) Investigate network structure on the disk.
JOP 1B) Investigate network structure within 2 arc minutes of the 1imb.
JOP 1C) Investigate network structure at the 1imb.
JOP 1D) Investigate Tong term evolution in the network.
‘ JOP 1E) Investigate short term evolution in the network.

JOP 1F) Study spicules at the limb.
Manned Scheduling Guidelines

JOP 1A) Network regions near the center of the sun, approximately 2

thru arc minutes from the 1imb, and crossing the 1imb will be

JOP 1F) selected by the Principal Investigators and/or the astronauts.
Selection will be based upon, but not be limited to, the
degree of definition and brightness of the network in Ho or
Ca II K, and the distance from nearby centers of activity.

In order to use S082B it is desirable that cells having a
nearly straight boundary not less than 1 arc minute long be
chosen, and that S082B be rolled so that the slit can be

placed on this boundary. Otherwise, S082A dispersion consider-
ations will determine the canister roll.

Coalignment is assumed between S055A, S082B and Ho, for each
performance of this JOP.

JOP 1A) Hetwork structure on the disk

Network structure near sun center (within 0.5 Rg) will be
investigated.
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JOP 1B)

JOP 1A)
JOP 1B)

JOP 1C)

ATM JOP-1

Network structure within 2 arc minutes of the 1imb

Network structure within 2 arc minutes of the 1imb will be
investigated.

buring Three Consecutive Orbits:

a)

i)

Point the ATM at the cell boundary, maximize detector

No. 1 or 3, roll the S082B slit parallel to the boundary
and perform Building Block 11 (BB-11). If at all possible,
the boundary will be selected so that the roll is also
compatible for S082A.

Maintain the same roll orientation as in (a), step the
ATM 10 arc seconds away from the best defined cell
poundary and perform BB-6.

Maintain the same roll orientation as in (a), step the
ATM 5 arc seconds back toward the boundary and perform
BB-11.

Maintain the same roll orientation, as in (a), step the
ATM approximately 5 arc seconds back to the cell boundary,
maximize detector ilo. 1 or 3, and perform BB-6A.

Maintain the same roll orientation as in (a), step the
ATM 5 additional arc seconds across the cell and perform
BB-1T.

Maintain the same roll orientation as in (a), step the
ATM 5 additional arc seconds across the cell and perform
BB-6A.

Maintain the same roll orientation as in (a), step the
ATM 5 additional arc seconds across the cell and perform
BB—]].

Maintain the same roll orientation as in (a), step the
ATM 5 additional arc seconds across the cell and perform
BB-6A.

Maintain the same roll orientation as in (a), step the
ATM 5 additional arc seconds across the cell and perform
BB-11.

Point the ATM 5 additional arc seconds across the cell,
roll the SO082A dispersion optimal for the cell and perform
BB-3.

Network structure at the Timb

Point the ATM at a position defined on the update PAD or at a
position on the limb where the spicules are undisturbed by
active regions and roll the S082B s1it parallel to the limb.
Then perform a truncated BB-13 or BB-23 (two orbits only).
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JOP 1E)

JOP 1F)

ATM JOP-1

Long term evolution in the network

A region, with a bright network, slightly east of the disk
center will be selected for viewing. Point the ATM along a
dark network boundary with S082B controlling the roll orienta-
tion, maximize detector No. 1 or 3 and perform BB-3 nine
times. If the first orbit during which BB-3 is performed is
designated as N, then the remaining 8 performances will occur
on orbits N+1, N+2, N+4, N+6, N+10, N+14, N+22, and N+30.
(Note:  Some unattended operation will be required to accom-
plish this performance schedule, however, unattended operation
is to be minimized).

Successive pointings will follow the original element, if
possible, otherwise point at a good nearby element within 30
arc seconds of the first. Once initiated, the entire series
will be run to completion, even if the original network element
decays.

Short term evolution in the network

Point at the network boundary, maximize detector No. 1 or 3
and perform BB-11 five times with no change in pointing.

Spicules at the Timb

The PI's or the crewman will select an area on the 1imb where
spicules are distinct.

a) The ATM will be pointed so that the S055A aperture is 5
arc seconds above the photospheric Timb and the S082B slit
is radially oriented, with the bottom of the s1lit 2 arc
seconds above the Timb. Maintain this pointing and roll
orientation and perform the following:

1) BB-7 or BB-10 once.
2) BB-18 or BB-19 once.
3) BB-7 or BB-10 once.

b) With the same initial pointing and roll orientation as in
(a), perform the following:

1) BB-27 once,

2) Repoint the S082B slit 2 arc seconds to the right and
repeat BB-27.

3) Repeat (2) five additional times.

4) Point the S082B slit at 5, 7 and 10 arc seconds above
the Timb and perform BB-27 for background.

Unattended/Unmanned Scheduling Guidelines

JOP 1AU)

. JOP 1BU)

Network regions will be selected by the Principal Investigators.
Selection will be based on, but will not be limited to, the
degree of definition and brightness of the network in Ha or

Ca II K, and the distance from nearby centers of activity and
the limb.
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JOP 1DU)

Evaluation

JOP 1A)

thru

JOP 1F)

JOP TAU)
JOP 1BU)
JOP 1DU)

ATM gop-1

Commensurate with STDN station coverage, the following set of
unattended/unmanned building blocks will be performed:

a) At the station acquisition, the ATM will be pointed to
sun center and BB-U3 performed. (It may require more
than one station pass to perform and verify that the
desired grating position has been reached.)

b) At the first command opportunity after completing (a)
above, point to the selected network and perform BB-UT.
S052 will not operate.

c) At the next ground station, perform BB-U3. S052 will not
operate.

d) At the next commanding opportunity after the end of BB-U3
in (c) above, perform BB-Ul. S052 will not operate.

The number of repetitions of this sequence desired will be
determined during the detail planning period and will be a
function of solar activity, unattended orbits available, and
the STDN station coverage.

The unattended/unmanned portion of JOP 1D will be performed
as follows:

With the ATM pointing at the bright network region previously
selected in JOP 1D, perform BB-Ul during those unattended/
unmanned orbits required to satisfy the orbital sequence
specified in JOP 1D, S052 will not operate.

Information on the three dimensional structure of the network
will be obtained by X-ray filtergrams from the S054 and S056
instruments, and spectroheliograms from the SO055A and S082A
instruments. Detailed information on spicules will be obtained.

Detailed information on the variation of temperature and
density, as a function of height, will be obtained through a
combination of filtergrams and spectroheliograms, as well as
through the use of XUV spectra taken by S055A and S082A.

Velocities will be obtained from spectral line shapes by
S082B.

The data will be used in construction of the evolutionary
development of the network.

Data Requirements

See Appendix A.
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ATM J0OP-2 ACTIVE REGIONS
. Purpose and Background

Performance of the operations specified in this JOP will provide
data to support:

a) The investigation of the three dimensional structure of active
regions,

b) A study of the horizontal and vertical variation of the tempera-
ture, density, velocity, and magnetic field.

c) A study of the short term (minutes to hours) and long term (days)
evolution of the chromosphere, transition region, and corona in
active regions.

d) A determination of the relationship between the three dimensional
structure of an active region and its evolution as it relates to
the production of flares and other transient phenomena.

e) The investigation of the structure of the photosphere, chromo-
sphere, transition region, and corona in and above sunspots.

f) The mapping of differential velocity fields in the chromospheric
transition, and coronal layers over active regions and other
solar features.

Scientific Objectives

JOP 2A) Observe a rapidly developing active region.

. JOP 2B) Observe the long term evolution of an active region as it
crosses the disk.

JOP 2C) Observe the long term evolution of an active region as it
crosses the 1limb.

JOP 2D) Observe active regions which have "interesting" structure.

JOP 2E) Observe large sunspots.

JOP 2F) Observe an active region to determine chromospheric ve]ocities.
JOP 2G) Observe an Ellerman bomb anywhere on solar disk.

Manned Scheduling Guidelines

JOP 2A) Coalignment is assumed between SO55A, S082B, and Ha for
thru each performance of this JOP.
JOP 2F)

JOP 2A) Rapidly Developing Active Region

A rapidly developing active region will be selected for study
by the crew and/or Principal Investigators (PI's). Performance
of the building blocks will depend upon the rate of develop-
ment of the region and/or the flaring rate of the region,

It is desirable that the S082B slit be filled by uniform
emission in the active region.
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ATM JOP-2

Building Block 4 (BB-4) or BB-5 will be performed as
soon as the subject region has been selected.

After the initial performance of BB-4 or BB-5 in (a)
above, performances of BB-4, BB-5, BB-6, BB-7 or BB-10,
or combinations thereof will be required. The number,
and kinds, of performances will be determined during
detail mission planning.

If the selected region is outside 0.7 Rg, BB-2 shall be
performed. The number of performances required will be
determined during detail mission planning.

Roll the S082A dispersion clear for BB-4A and BB-6B; for
BB-2 roll the S052 pylon away from the feature of interest
and clear the S082A dispersion, if possible; otherwise

the roll orientation is controlled by S082B. Also, roll
the SO82A dispersion clear in BB-5A, BB-7 and BB-10, if
possible.

Either at the daily planning session, or during the
execute period, the PI's may decide that the flare
probability of an active region is sufficiently high to
warrant observations of that region as follows:

1) Align the S082B sl1it along the neutral line and per-
form BB-24.

2) If a flare occurs, truncate BB-24 and initiate
JOP-3A. If BB-24 is scheduled during the execute
period, the ATM crewman will be requested to sub-
stitute BB-24 for the previously scheduled ATM opera-
tions for a fixed period of time. For this case, the
voice uplink version of BB-24 (with all operating
modes defined) is to be used.

It is highly desirable that the Video Tape Recorder (VTR)
be utilized during the operation of BB-24 and subsequent
JOP-3 operations as follows:

1) The VIR is to be dumped of all data to allow the en-
tire 30-minute record capability of the tape to be
used to record flare wait, flare rise and (if possible)
flare fall data.

2) XUV MON (normal) data will be recorded on the VIR
during the operation of BB-24. The VTR will be turned
on at the beginning of the orbit and, if no flare has
occurred, turned off at the end of the orbit.

3) If a flare occurs, the VIR will be allowed to operate
for a total of 15 minutes from the time the flare
alarm sounds or until the end of the orbit (whichever
comes first).

Availability of the VTR to collect XUV MON data will not
constrain the scheduling of BB-24.
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JOP 2B)
JOP 2C)

JOP 2B)

JOP 2C)

JOP 2D)

ATM J0P-2

Evolution

The active region selected will be capable of study for a minimum
of 10 days and at least one limb passage. It is desirable that the
observation be from limb to 1imb including 2 days beyond each

limb passage. Additionally, it is desired that one of the se-
lected active regions be observed for two solar rotations, if
possible.

Ro11 the SO82A dispersion clear for BB-4A and BB-6B; roll the
S052 pylon away from the feature of interest and clear the
S082A dispersion, if possible, for BB-2; otherwise the roll
orientation is controlled by S082B. Also, roll the SO82A dis-
persion clear in BB-5A and BB-7, if possible.

Long Term Evolution - Disk

When the active region is on the disk, perform BB-4 once every
two days for a minimum of ten days. On the days when BB-4 is
not performed, BB-5 or BB-7 will be performed. For each per-
formance, the ATM will be pointed at several different areas of
the active region plage.

For the SO55A spectra, the pointing may be adjusted so that the
output of detector No. 1 or 3 is maximized. If this option is
to be followed it will be specified on the PAD.

If the selected region is outside 0.7 Rg, BB-2 shall be performed.
The number of performances required will be determined during
detail mission planning.

Long Term Evolution - Limb

When the active region is within one to two days on either side of
Timb passage, perform all or part of the following sequence:

a) One performance of BB-2.
b) One performance of BB-5.
c) Three performances of BB-6.

d) One performance of BB-13 or BB-23. (Requires three consec-
utive orbits.)

e) One performarice of BB-14,
f) One performance of BB-2.

The number of performances of BB-2 will be determined in detail
mission planning.

Structure

The ATM will be pointed at positions within the active region,

and a series of performances of BB-4, BB-5, BB-6, and/or BB-7
will be made, as determined during detail mission planning.

Ro11 the SO082A dispersion clear for BB-4A and BB-6B; otherwise
the roll orientation is controlled by S082B. Also, roll the
SO82A dispersion clear in BB-5A and BB-7, if possible.
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JOP 2E)

JOP 2F)

JOP 2G)

ATM JOP-2

Sunspots

An active region containing large sunspots will be selected for
observation.

If at all possible, choose a sunspot whose umbra has a diameter
of 60 arc seconds or greater;

a) The ATM will be pointed at two positions in the center of
the umbra and BB-6 will be performed once at each position.

b) After completing (a) above, the ATM will be pointed at two
positions in the penumbra and BB-6 will be performed once
at each position.

Roll for optimum SO82B s1it orientation in BB-6A, and to clear
the S082A dispersion in BB-6B.

Chromospheric Velocities
The ATM will be pointed at an active region chosen by the PI's.

Ro1l to O or 10800 arc minutes orientation for SO055A in BB-7 and
BB-19 and for optimum S082B slit orientation in BB-10.

a) Perform BB-7 or BB-10 once.

b) When the SO055A line scan is east-west, BB-19 will be per-
formed once, such that the line scan will cross both active
and quiet regions.

¢) Upon completion of (b), perform BB-7 or BB-10 once.

d) Steps (a) through (c) will be repeated, as required by the
PI's.

Point the ATM at a PI selected active region that is likely to
produce an Ellerman bomb during the observation period. The
crewman is to attempt to locate an Ellerman bomb using primarily
the H-Alpha displays. If an Ellerman bomb is sighted, point the
ATM at the bomb (using the H-Alpha reticles) and perform BB-10.
If data are taken on an Ellerman bomb, perform an additional
BB-10 at the same pointing for background.

Unattended/Unmanned Scheduling Guidelines

JOP 2AU)

A rapidly developing active region will be selected for study

by the Principal Investigators. Performance of the unattended/
unmanned building blocks will depend upon the rate of development
of the region and/or the flaring rate of the region, and the STDN
station coverage.

At ground station acquisition, point the ATM at the
active region and perform BB-U1, BB-U2, BB-U3, or
BB-U4. S052 will not operate.

The numbers and kinds of performances desired will be de-
termined during the detail planning period each day.
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ATM JOP-2

For those regions outside 0.7 Rg, perform the following:

At ground station acquisition, point the ATM at
sun center and perform BB-UT.

The number of repetitions of this BB-Ul operation will be de-
termined during the detail planning period each day.

JOP 2BU)  An active region suitable for long term evolution study will
JOP 2CU) be selected by the Principal Investigators.

At selected times during the unattended/unmanned periods,
the ATM will be pointed at the active region and BB-U1,
BB-UZ2, or BB-U3 will be performed. S052 will not operate.

When the active region is near limb passage, in addition
to the above, the ATM will be sun centered and BB-U1 will
be performed.

The number of repetitions of this operation will be specified
during the detail planning period each day.

JOP 2DU)  An active region will be selected by the Principal Investiga-
tors and the following sequence will be performed:

At the ground station acquisition, point the ATM at the
active region and perform BB-U1, BB-U2, or BB-U3. S052
will not operate.

The number and kinds of performances desired will be determined
during the detail planning period each day.

Evaluation

JOP 2A) Information about the three dimensional structure of active
thru regions will be gleaned from S054 and S056 X-ray filtergrams
JOP 2F) and spectroheliograms from SO55A and S082B. Information on
JOP 2G) rapid changes in the coronal structure (S054 and S056) and
JOP 2AU)  coronal and chromospheric structure (S055, S082A and S082B)
thru of an active region with a high flare probability will be
JOP 2DU) provided. The data may also provide information on condi-
tions in the active region which give rise to a flare and
which occur during the onset of a flare.

The spectra obtained by SO055A and S082B will provide informa-
tion concerning the variation of temperature, density, and
velocity as a function of height. White-light pictures of
the corona from S052 will provide detailed descriptions of
the density structure of the corona overlying active regions.

Observations obtained at a rate compatible with the time
scale of development of the regions will be used for
evolutionary studies.

Data Requirements

Refer to Appendix A.

3-75



ATM J0P-3 FLARES
Purpose and Background

The objective is to observe a number of solar flares with as many
of the ATM experiments operating simultaneously as is feasible. The
objective is to obtain a diverse and extensive collection of data which
can be used to determine the point where the flare started, physical
conditions (temperature, density, magnetic field, and particle velocities)
in the flare plasma and the surrounding medium, and to determine how these
conditions change before, during, and after the flare.

Although the study of flares is a separate program it is linked to
the study of active regions in other programs, particularly ATM JOP-2
and ATM JOP-6.

Scientific Objectives

JOP 3A) Investigate flares on solar disk.
JOP 3B) Investigate 1imb flares.

Manned Scheduling Guidelines

JOP 3A) Each day, the Principal Investigators (PI) will establish two

JOP 3B) limiting values for the PMEC readout, Tow (L) and high (H), to
be used to set the flare threshold for the next day. The flare
detector will be set for the low threshold setting and (except
for S056) the flare programs will not be initiated until this
value is exceeded. Preparations for taking data, however, may
be accomplished prior to this time.

Each day, the crewman will check the omit list to determine which
experiments will not be operated during any flares that may
occur that day.

On days of high flare probability the SO082A doors will be
opened at the beginning of each ATM orbit.

When the Tow threshold setting is reached, the crewman will
initiate the flare programs of BB-8 or BB-9 as follows:

a) Verify that the OWS is not in the SAA and then initiate
flare rise observations for S054 and S056. Refer to PAD
for proper mode for S054 (i.e., A, B, or C). Initiate the
three second TIME mode for S082A. Short wavelength is
preferred; however, long wavelength is acceptable,

b) Start SO55A in MLS mode if the instrument is already set
up for one of the three mirror modes; otherwise initiate
the grating selection by going to mode REF.

c) A slew day is assumed unless delayed slew day is indicated
on the PAD.

If the day is a delayed slew day, data will be taken with-
out slewing to the flare for the duration of flare rise,
The S082A experiment is not to be placed in the flare mode
if the flare can not be seen, At flare peak slew to the
flare and initiate the flare fall programs of BB-8 or BB-9.
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ATM JOP-3

If the day is a slew day, locate the flare as quickly as
possible, slew to it and initiate SO082A and S082B in the
flare mode. If the crewman cannot see the flare on the
monitor, slew to sun center and attempt to locate the
flare. If necessary, look for confirming indications of
X-ray activity on other ATM indicators. If the flare can-
not be seen, or if the flare alarm is determined to be a
false indication, terminate operations.

d) If grating selection was initiated in step (b), stop
the selection at the first of the following opportunities
and initiate S055A in the MLS mode.

1) GRAT 0000, DET ALL
2) GRAT 0757, DET 1-5
3) GRAT 1288, DET 1-5
4) GRAT 1928, DET 1-5
5) GRAT 2686, DET 1-5
6) GRAT 3450, DET 1-5

e) If BB-8 has been specified for limb flare observations,
then BB-8 will be performed no matter where the flare
occurs. If it has not, then the crewman must determine if
the flare is a disk flare (within 0.7 Rg) or a Timb flare
(outside 0.7 Rg) by examination of Ha, X-ray or XUV monitor
and select either BB-8 or BB-9, respectively.

If BB-8 selection is made, proceed to JOP 3A, otherwise
proceed to JOP 3B,

f) The crewman is to exercise his own judgement in the early
initiation of the S056 flare program. It is not necessary
that the flare threshold be exceeded prior to initiation.
If, at a later time, the X-ray flux peak does not exceed
the flare threshold 1imit, the crewman may terminate the
S056 flare program.

JOP 3A) Disk Flare or Limb Flare: BB-8

a) If the flare intensity has reached the high threshold
setting, the high intensity (H) flare programs of BB-8
for experiments S056, S082A and S082B will be followed.
The operation of the other experiments is unaffected by
flare intensity.

b) If the H threshold has not been reached, the Tow intensity
(L) flare programs of BB-8 for experiments S056, S082A
and S082B will be followed. The operation of the other
experiments is unaffected by flare intensity.

c) The flare fall program shall be operated until the flare
flux intensity has reached a slow rate of decay, at which
point the post flare program will be initiated.
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JOP 3B)

ATM JOP-3

d) Continue the post flare program BB-8 for a full second
orbit following the one in which the flare occurs. If
S082A and S082B run automatic flare programs in BB-8
(H-Case), BB-10 will be run once at the beginning of each
orbit for up to five orbits following the performance of
BB-8. Terminate when brightening on XUV MON disappears.

Limb Flare: BB-9

a) At 5 minutes after flare alarm, stop SO82A and S082B,
slew to sun center and continue with the flare fall pro-
grams of BB-9.

b) If the high flare threshold has been reached, the high
intensity (H) flare programs of BB-9 for experiments S056
and S082A will be followed. The operation of the other
experiments is unaffected by flare intensity.

c) If the high flare threshold has not been reached, the low
intensity (L) flare programs of BB-9 for experiments S056
and SO82A will be followed. The operation of the other
experiments is unaffected by flare intensity.

d) The crewman will check the WLC MON at the times provided
in BB-9 and if motion of a white light feature is observed,
initiate the FAST SCAN mode; otherwise, initiate the EXTD
STD mode.

e) The flare fall program shall be operated until the flare
flux intensity has reached a slow rate of decay, at which
point the post flare program will be initiated.

f) Continue post flare for a full second orbit unless S082A
high (H) option was followed in BB-9. In this case BB-2
and BB-10 will be performed once at the beginning of each
orbit, for five consecutive orbits, following the performance
of BB-9.

Manned Scheduling Guidelines (Crewman awake but not at ATM C&D panel)

JOP 3A)
JOP 3B)

If the ATM panel is unattended and the crewman is awake when
the flare occurs (i.e., flare alarm system is active and alarm
tone sounds) the following sequence of operations shall be
followed:

a) Reset the flare threshold to the high (H) threshold setting
b) Verify that the Orbital Assembly is not in the SAA

c) Perform flare preparations sufficient to verify that the
PMEC count is greater than the threshold setting and to
enable all experiments for eminent operation in BB-8 or
BB-go
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d) Locate flare and slew to it as quickly as possible.
Initiate the flare fall programs of BB-8 or BB-9
beginning with the grating select for SO055A and with the
second sequence for S054, If the crewman cannot see the
flare on the monitor, slew to sun center and attempt to
locate the flare. If necessary, look for confirming
indications of X-ray activity on other ATM indicators.

If the flare cannot be seen, or if the flare alarm is
determined to be a false indication, terminate operations.

e) If BB-8 has been specified for limb flare observations,
then BB-8 will be performed no matter where the flare
occurs. If it has not, then the crewman must determine
if the flare is a disk flare (within 0.7 Rg) or a limb
flare (outside 0.7 Rg) by examination of Ha, X-ray or XUV
monitor and select either BB-8 or BB-9, respectively.

If BB-8 selection is made, proceed to JOP 3A c); other-
wise proceed to JOP 3B e).

Unattended/Unmanned Scheduling Guidelines

JOP 3AU) If the ATM panel is unattended and the crewman is not awake

JOP 3BU) when the flare occurs (i.e., flare alarm system inactive) the
ATM PI's will make the determination of the occurance of a
flare for the performance of JOP 3BU or JOP 3CU.

JOP 3AU) At the first ground station acquisition, after a flare occurs,
the ATM will be flare-centered and BB-U1, BB-U5, BB-U6, BB-U7,
BB-U8, BB-U9, or BB-U10 will be performed except that S052 will
not be operated. The BB's will be repeated at each possible
ground station until the PI's request that they be terminated.

JOP 3BU)  Same as JOP 3AU except ATM will be sun centered and S052 will
be operated.

Evaluation

JOP 3A) Information about the development in time and space of the

JOP 3B) high temperature (T310® °K) plasma associated with the flare

JOP 3AU) will be obtained by S054 and S056. The development in time

JOP 3BU) and space of plasma with intermediate temperatures
(104¥T¥4X106 °K) will be studied by SO55A and S082A, while
S082B studies the time history of the bright part of the flare
over the temperature range 4000°K to 105 °K. In addition to
studying the flare itself, S054, SO055A, S056, and S082A may
also observe associated phenomena such as surges, flare spray,
etc. For 1imb flares, S052 will study coronal phenomena
associated with the flare, while S054, S056, and S082A will
study the development in time and space of the flare itself and
any associated phenomena,
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Data Requirements
Refer to Appendix A,
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‘: ATM J0P-4 PROMINENCES AND FILAMENTS
Purpose and Background

Performance of the operations specified in this JOP will provide data
to support:

a) A study of the short and Tong term evolution of prominences and
filaments as they cross the disk, and the evolution of the

chromospheric, transition, and coronal layers in the vicinity of
these features.

b) Investigations of the three dimensional structure of prominences
and filaments, and of the surrounding corona. A determination of
the temperature and density in the cool filamentary structure
making up a prominence or filament, and of the interface between
the cool material (chromospheric temperatures) and the hot coronal
material in which the filamentary structure is imbedded.

Scientific Objectives

JOP 4A) Observe and record the evolution of a prominence/filament as

it develops and traverses the disk, and make observations on
the second solar rotation.

JOP 4B) Investigate the structure of a selected prominence.

JOP 4C) Investigate the structure of a selected filament.
Manned Scheduling Guidelines

JOP 4A) Rol1 the SO82A dispersion clear for BB-6B; roll to + 5400 arc

thru minutes orientation for S052 in Building Block 2 (BB-2) or sun

JOP 4C) centered BB-28 and clear S082A dispersion, if possible;
otherwise the roll orientation is controlled by S082B. Also,
roll the SO082A dispersion clear for BB-3, if possible.

Coalignment between S082B, SO055A, and Ha is assumed during the
performance of this JOP.

JOP 4A) Evolution of Prominences and Filaments

The ATM will be pointed at a bright linear element in a selected
prominence on the east limb.

a) The following building blocks will be performed while the
instrument is pointed at selected points in the prominence,
except that the instrument will be pointed at sun center
for BB-2 and for the sun centered BB-28:

1) BB-2 or sun centered BB-28 will be performed once.

2) BB-3 will be performed twice.

3) BB-6 will be performed at least three times.

4) BB-11 will be performed once.

5) BB-14 will be performed twice.

6) Two BB-28's may be used in place of one BB-3 or one BB-14.
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b) As the prominence leaves the east 1imb and becomes a
filament, perform the following sequences as the filament
crosses the disk.

1) When the target is outside 0.7 Rg:

Perform BB-3 once.
Perform BB-2 or sun centered BB-28 once.
Perform BB-6 three times.

2) When the target is within 0.7 Rg:

Perform BB-3 once.
Perform BB-6 three times.

¢) Repeat (a) when filament becomes a prominence on west
1imb. If a suitable prominence is not available on the
east 1imb, the above may be initiated with a filament.

d) When the filament returns as a prominence on the east 1imb,
the ATM will be pointed at selected positions and a series
of performances of BB-2 (sun centered), BB-3, BB-6, BB-11,
BB-14 and/or BB-28 will be made as determined during the
detail mission planning period. Roll the ATM to clear the
S082A dispersion.

JOP 4B) Study of Interesting Prominence Structure

A prominence on either the east or west Timb which exhibits
interesting structures will be selected for viewing, and the
following operations will be accomplished.

a) BB-2 or sun centered BB-28 will be performed once.

b)- The ATM will be pointed at a bright linear element in the
prominence and BB-3 will be performed two times, consecu-
tively.

¢) The ATM will be pointed at a minimum of three additional
places within the prominence, and BB-6 will be performed
at each pointing. It is desirable that BB-11 also be
performed at each pointing.

d) BB-14 will be performed twice, while the ATM is pointed
just outside the prominence with the S082B slit paraliel
to limb.

e) Two BB-28's will occasionally be substituted for one BB-3 or
one BB-14.

JOP 4C) Study of an Interesting Filament

A filament will be selected for viewing and the following
operations will be accomplished.

a) The ATM will be pointed at an interesting feature of the
filament and BB-3 will be performed.
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b) The ATM will be pointed at three additional positions in
the filament and BB-6 will be performed at each position.

¢) If the filament is near the 1imb, BB-2 or a sun centered
BB-28 will be performed.

Unattended/Unmanned Scheduling Guidelines

JOP 4AU)

JOP 4BU)

JOP 4cCu)

A prominence on either the east or west 1imb will be selected
by the Principal Investigators and the following sequence will
be performed:

a) The ATM will be pointed at a specified bright linear element
in the prominence and either BB-U1, BB-U2, or BB-U3 will be
performed. At successive command opportunities, this will
be repeated for several selected points within the prominence.
S052 will not operate.

b) In addition to the above sequence, point the ATM at sun
center and perform BB-U1,

The number and kinds of performances desired will be determined
during the detail planning period each day.

The ATM will be pointed at a bright linear element in the
prominence selected by the Principal Investigators and either
BB-U1, BB-U2, or BB-U3 will be performed.

a) The ATM will be pointed at a bright linear element in the
prominence and either BB-U1, BB-U2, or BB-U3 will be per-
formed. At successive command opportunities, this will be
repeated for several selected points within the prominence.
S052 will not operate.

b) In addition to the above sequence, point the ATM at sun
center and perform BB-UT.

The number and kinds of performances desired will be determined
during the detail planning period each day.

A filament will be selected for viewing over a period of time.

a) The ATM will be pointed at a selected feature of the filament
and BB-U1, BB-U2, or BB-U3 will be performed. At successive
command opportunities, this sequence will be repeated for
several other features within the filament.

b} In addition the above sequence, point the ATM at sun center
and perform BB-U1.

The number and kinds of performances desired will be determined
during the detail planning period each day.
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JOP 4A)
thru

JOP 4C)
JOP 4AU)
thru
JOP 4CU)

ATM JOP-4

The S054 and S056 X-ray filtergrams, together with the SO55A
and S082A spectroheliograms, will provide three dimensional
information on temperatures and densities. Spectra obtained
from SO55A and S082B, when used with the filtergrams and
spectroheliograms, will provide very detailed temperature and
density information at selected positions. The S052 white-

light pictures of the corona will provide a detailed description
of the density structure of the corona above prominences.

Observations carried out at a rate compatible with the time
scale of changes in the structure will be used for evolutionary
studies.

Data Requirements

Refer to Appendix A.
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ATM JOP-5 LIMB PROFILE STUDIES
Purpose and Background

Performance of the operations specified in this JOP will provide data
to support:

a) Improvement of models describing the nature of the atmosphere
of the quiet sun.

b) The determination of the variation in physical properties
(temperature and density) at various solar latitudes and
heights.

c) Determination of the velocity of material at different levels.
Scientific Objectives

JOP 5A) Measure the variation of the XUV spectrum along several
constant latitude lines and across the 1limb.

JOP 5B) Measure the variation of the XUV spectrum as a function of
latitude along the north or south polar axis, and across
the 1imb.

JOP 5C) Investigate various solar conditions at the limb.
Manned Scheduling Guidelines
JOP 5A) Variation of the XUV Spectrum Along Constant Latitude Lines

Several target areas will be selected for constant latitude
scans. For example:

Quiet areas of the sun.

A region at the 1imb where XUV emissions in the chromo-
sphere are slightly above normal.

A region at the 1imb where intensity of chromospheric
emissions are less than normal (depressed region or
coronal hole).

Nominally, each performance will consist of a constant lati-
tude scan from the central meridian to the 1imb, and then
across the limb.

Each constant latitude scan will point at sun center and

the following approximate positions of -130*, -45* and -20*
arc seconds inside the 1imb, at the 1imb, and positions -10,
-5, 0, +5, +10, and +20 arc seconds from the 1imb.

Specific positions including roll angle will be uplinked to
the ATM operator from the ground. While the distances from
the 1imb are only approximate, the S082B slit must be care-
fully aligned so as to be parallel to the 1limb. The distance
from the 1imb is to be measured along a radius.

*NOTE: It is important that the points be at uniform quiet regions;
therefore, greater value is placed on that characteristic than
on being at the prescribed location.
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A constant latitude scan will be conducted in the following
manner:

a) ?oint)the ATM at sun center and perform Building Block 2
BB-2).

b) Point the ATM to the Central Meridian at the chosen latitude
and perform BB-6 once on the constant latitude 1ine.

c) Point the ATM to 130, 45, and 20 arc seconds inside the
Timb and perform BB-6.

d) Point the ATM at the 1imb and perform BB-13 or BB-23 once.
(Requires 3 consecutive orbits).

e) Additionally, the following sequence must be performed on
two orbits.

1) Point the ATM at the 1imb. Perform BB-29 with the S055A
mirror pointed at -10 arc seconds for the first grating
3 scan, -5 arc seconds for the second grating 3 scan
and 0 arc.seconds for the third grating 3 scan.

2) Point the ATM at the 1imb. Perform BB-29 with the S055A
mirror pointed at +5 arc seconds for the first grating 3
scan, +10 arc secends for the second grating 3 scan and
+20 arc seconds for the third grating 3 scan.

JOP 5B) Varijation of the XUV Spectrum at the North and South Poles

a) Polar 1limb studies will be conducted along the central
meridian by carrying out (c), (d), and (eg above. Roll
the S082A dispersion clear for BB-6B except for the three
orbit sequence controlled by S055A and described in JOP 5A
(e)s roll to #5400 arc minutes orientation for S052, then
roll to clear the S082A dispersion in BB-2; otherwise, the
roll is controlled by S082B.

b) Additionally, XUV mapping of the north pole shall be
accomplished by performing BB-13 or BB-23 four times,
spaced evenly throughout the solar rotation (approximately
8 day intervals).

JOP 5C) Limb Scans

Limb studies will be conducted on crew selected features on
the 1imb by pointing the ATM at those features and performing
BB-13 or BB-23 at each limb position. The ATM crewman will be
given wide latitude in the selection of the features to be
studied. Candidate features are:

1) Active regions

2) Quiet regions

Depressed coronal and chromospheric regions
Gaps in XUV images at the Timb

XUV bright spot at the 1imb

Equator

45 degrees north and 45 degrees south
Sector boundary at the west 1imb
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Unattended/Unmanned Scheduling Guidelines

JOP 5AU)

Evaluation

JOP 5A)
JOP 5B)
JOP 5C)
JOP 5AU)

At each of 3 consecutive ground stations, point the ATM at
several constant latitude lines. At each point perform BB-U1,
BB-U2, or BB-U3. S052 will not operate unless the ATM is sun
centered.

The numbers and kinds of performances desired will be deter-
mined during the detail planning period each day.

Synoptic pictures will be obtained by the operation of 5052,
S054, S056, and SO82A. Spectral observations by S055A and
S082B, and spectroheliograms by S082A will be taken at a
number of points along several constant latitude lines ex-
tending from the central meridian across the limb into the
corona and along the central meridian across one or both
poles. Information on the three dimensional structure of
the solar atmosphere will be obtained from X-ray filtergrams
from S054 and S056, and spectroheliograms from SO55A and
SO82A. Detailed information on the variation of temperature
and density with height in selected regions will be obtained
through a combination of filtergrams and spectroheliograms
plus XUV spectra taken by SO055A and S082B. Velocities will
be obtained from spectral lines.

Data Requirements

Refer to Appendix A.
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ATM JOP-6 SYNOPTIC OBSERVATIONS OF THE SUN
Purpose and Background

Performance of the operations specified in this JOP will provide
data to support the investigation of the evolution of the quiet and active
features of the sun, in a variety of wavelengths. A primary purpose is
to aid in the construction of 3-dimensional pictures of the inner and
outer corona.

Scientific Objectives

Obtain coronagraph pictures, X-ray images, and XUV images and spectra
of the quiet and active sun at regular intervals. Information on the
evolution of the coronal layers of quiet and active regions will be
obtained by S052, S054, S056, and S082A.

Manned Scheduling Guidelines

JOP 6) Synoptic Observations

a) Building Block 1 (BB-1) shall be performed two times per
day at intervals of 10 to 14 hours. For each performance,
roll to 00000 or 10800 arc minutes and perform Part A of BB-1.
Then roll to + 5400 arc minutes and perform Part B of BB-1.

b) Daily, two successive BB-2's may be planned for a manned
ATM orbit, within one orbit of the mid-orbit between the
two BB-1's scheduled for that day. Occasionally a sun
centered BB-28 will be substituted for one of these two
BB-2 performances. The instrument will be sun centered and
a 90 degree roll maneuver will be performed between the two
BB-2's. Initial roll position will be optimized for S082A.
Once, toward the end of the mission (i.e., S052 less than
400 frames remaining) a special long exposure (5 minutes
or 1ess) will be substituted for the usual STD mode for
S052 in BB-2.

c) With the ATM pointed at sun center and roll orientation
either for S052 at + 5400 arc minutes or for S082A disper-
sion clearance, it is desirable to perform BB-2 once every
two hours over the duration of the entire mission. It is
planned that roll will be controlled by S082A for dispersion
clearance on approximately one of every four performances
of this BB.

Unattended/Unmanned Scheduling Guidelines

JOP 6U) Select one of the building blocks BB-UT through BB-U14 for
performance as near as possible to once every two hours during
all unattended/unmanned operating periods.

Evaluation

JOP 6) Information on the evolution of the chromospheric and transition
JOP 6U) Tayers will be obtained by SO82A. SO055A and S082B will obtain
data applicable to studying the chromospheric, transition, and
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coronal layers of selected areas near the center of the disk. ‘

Three dimensional pictures of the inner and outer corona will
be constructed utilizing the accumulated data.

Data Requirements
Refer to Appendix A.
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ATM JOP-7 ATMOSPHERIC EXTINCTION
nd

“uie

Performance of the operations specified in the JOP will provide data
to support:

a) Studies of the variation in height of the major, and possibly
some minor, constituents of the earth's atmosphere.

b) Studies to establish the absorption cross-sections of the major
and minor constituents at various wavelengths.

c) Investigations of the variability of concentration profiles of
the earth's atmosphere with respect to seasons, latitude during
magnetic storms, and different levels of solar activity.

d) Investigations of atmospheric scattering at visible wavelengths
and attunation and scattering in UV.

Scientific Objectives

JOP 7) Perform coordinated observations of atmospheric extinction.
Manned Scheduling Guidelines

JOP 7) Atmospheric Extinction

Building Block 15 (BB-15) will be performed at least once per
day.

The decision to perform the coordinated observations will be de-

pendent upon solar conditions, film supply, orbit, and analysis
of SO055A data.

Most of the time operations of BB-15 will consist of only the
operation of SO055A.

A specific start and stop time for experiments S054, S056 and
S082B will be provided on the PAD. This time will be based on
the following vehicle-sun grazing heights for these experiments.

Experiment Minimum Maximum

S054 40 km 250 km

S056 40 km 250 km

S082B long wavelength 40 km 300 km

S082B short wavelength 80 km 400 km
Evaluation

JOP 7) Data from S052, S054, S055A, S056, and S082B will provide infor-
mation on the height variation of major constituents. The data
will also provide information on the absorption cross-sections
of these constituents at various wavelengths, Observations made
at different times will provide information on the variability
of the concentration profiles with season, latitude, during
times of geomagnetic stomms and different levels of solar
activity. Information on the total solar ionizing flux will be
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obtained with ATM JOP-6 observations through the integration of
XUV scans telemetered to the ground and of densitometry of the
S052, S054, S056 and S082B photographs. S052 and S082B (Tong

wavelength) will contribute to the height profile of aerosols
and other scattering material.

Data Requirements
Refer to Appendix A.
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‘ ATM J0OP-8 CORONAL TRANSIENTS
Purpose and Background

Performance of the operations specified in this JOP will provide
data to support:

a) Investigations into the origin of chromospheric and coronal
transient phenomena, the temporal and spatial evolutions, and
the correlation with surface and inner coronal features.

b) Determination of the correlation of transient events observed
at radio wavelengths with white-light, EUV, and X-ray manifesta-
tions.

c) Determination of the velocity of propagation of transient phe-
nomena through the corona, and the influence of existing coronal
and chromospheric structures on flow properties.

d) Mapping the spatial structure of transients observed in white-
light, XUV, and X-rays.

Scientific Objectives

Observe and record data generated by a Type II, Type III, and Type IV
radio burst, surge, eruptive prominence, disappearing filament, or other
coronal transient.

JOP 8A) Investigate transient events outside 0.7 RQ.

JOP 8B) Investigate WLC transient events.
‘ JOP 8C) Investigate transient events with no correlative disk event.
JOP 8D) Investigate solar phenomena preceeding a coronal transient
event,

Manned Scheduling Guidelines

JOP 8A) Ho or XUV transient events
S%Eusc) The event to be observed is outside 0.7 Rg of sun center.
For sun centered observations, roll to position the S052 pylon
opposite to the transient event and, if possible, to clear the
S082A dispersion.

JOP 8A) Transient events outside 0.7 Rg

Following a surge, eruptive prominence, or disappearing fila-
ment, the astronaut will perform either (a) or (b) below, as
indicated on the PAD. '

a) With the ATM pointed at the manifestation (Ha, XUV, or
X-ray), or the last location of manifestations of the
event:

1) Roll to obtain uniform emission along the S082B slit
and, if possible, clear S082A dispersion of the
transient event, and perform Building Block 10 (BB-10)
up to a maximum of four times or until the end of the

daylight portion of the orbit. (Perform even though

‘ manifestations, visible using onboard displays, may

have disappeared.)
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2) Upon completion of (1) above, and on the next orbit,
point the AT at the sun's center and perform BB-17
for the whole pass.

b) With the ATM pointed at the sun's center:
1) Perform BB-16 once.

2) Upon completion of (a) above, perform BB-17 for the
remainder of the pass, and for the whole of the next
pass.

JOP 8B) WLC transient event

Once a WLC transient event has been observed, the crewman will
attempt to detect motion of the observed material.

a) If motion is detected, initiate BB-16, During the WLC MON
part of BB-16 the crewman will determine if there has been
a significant change in shape or position (1.5 Rg in 15
minutes).

1) If a significant change is detected, reinitiate BB-16
and repeat step a). '

2) If a significant change is not detected, initiate BB-17
and repeat for the remainder of the orbit and all of
the following orbit.

b) If motion is not detected, initiate BB-17 for the remainder
of the orbit and all of the following orbit.

JOP 8C) Ground detected transient event

Following a coronal transient event detected by the ground
and not detected by the crewman follow the steps suggested by
the ground.

JOP 8D) Coronal transient wait

When the Principal Investigators determine that the probability
of a coronal transient is high, BB-25 may be repeated for one
or more orbits. BB-25 will be scheduled via a voice update
during the execute period by requesting that the ATM crewman
delete scheduled ATM operations and substitute BB-25. BB-25
will be performed for a fixed period of time or until a tran-
sient event occurs. If a transient event occurs, terminate
BB-25 and initiate JOP 8A or JOP 8B, as appropriate.

Unattended/Unmanned Scheduling Guidelines

JOP 8AU)  Following a Type III burst, surge, eruptive prominence or dis-
appearing filament, the Principal Investigators may decide to
select one of the two options listed below.

a) At the first ground station acquisition after the event
occurs point the ATM at sun center and perform BB-Ul or
BB-U5. At the next station acquisition perform BB-U1.
Continue performing BB-U1 until the PI's request that it
be terminated. ‘
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Evaluation

JOP 8A)
thru

JOP 8C)
JOP 8AU)
JOP 8CU)

JOP 8D)

ATM JOP-8

b) Same as (a) except ATM is to be event centered and BB-Ul or
BB-U4 will be performed, S052 will not operate.,

Following a Type II, Type III or Type IV radio burst:

At the first ground station acquisition after the event
occurs, point the ATM to sun center and perform BB-U1.
Repeat the BB-U1 operation at each ground station there-
after until the PI's request a termination.

The ATM data will contain information on the origin of chromo-
spheric transient phenomena (from S055A, S082A, and S082B) and
coronal transient phenomena (from S052, S054, SO055A, S056,

and S082A), their temporal and spatial evolution, and their
correlation with surface and inner coronal features. The

data will also provide information on the velocity of propaga-
tion of transient phenomena through the corona and the

influence of existing chromospheric and coronal structures on
flow properties,

The data from S052, S054 and S056 will provide information on
changes and features which can be associated with the evolu-
tion of a coronal feature. The data may also provide informa-

tion on the coronal conditions of an active region at the onset
of a flare.

Data Requirements

Refer to Appendix A,
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SOLAR WIND

Purpose and Background

Performance of the operations specified in the JOP will provide
data to support:

Investigations of the rate of expansion of various parts of the
solar corona and the effects of the coronal expansion (solar
wind) upon coronal structures.

Studies of the evolution of the chromospheric network and its
extension into the corona.

Investigations into the evolution of solar features on a time
scale of hours.

Scientific Objectives

JoP 9)

Collect data from the white-light, X-ray, and XUV corona over an
extended period of time.

Manned Scheduling Guidelines

JOP 9)

Building Block 2 (BB-2) will be performed in each of 60 consecu-
tive orbits by pointing the ATM at the sun's center with a + 5400
arc minute roll orientation for S052. During 30 consecutive
orbits of these 60, two BB-2's will be performed, one at the
beginning and one at the end of each orbit. If, during this 60
orbit sequence, BB-1 is scheduled to obtain data on some other
JOP, it is not necessary to schedule one of the BB-2 operations
since the first 6.5 minutes of BB-1B is equivalent to BB-2. If

a sun centered BB-28 has been scheduled, it will also satisfy the
requirement for one of the BB-2 repetitions.

Data obtained in the unattended mode are necessary during those
orbits when it is not possible to schedule manned operations.
However, it is desirable that this JOP be scheduled during 4
consecutive days devoted primarily to ATM so that maximum data
correlation can be obtained between all of the ATM experiments.

During the 60 orbit sequence, the ATM may be pointcd at the
limb and BB-3 or BB-28 performed for high resolution inner
corona data.

Deviations from the 60 consecutive orbit sequence requirement of
this JOP, such as a reduction in the total number of orbits, or

some number of orbit interruptions during the sequence, must be

evaluated and negotiated on a case by case basis in real time.

Unattended/Unmanned Scheduling Guidelines

JOP 9U)

For those orbits of the 60 orbit sequence which must be performed
unattended/unmanned, the following operation will be performed:

At ground station acquisition point the ATM to sun center
and perform BB-UT.
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Evaluation

JOP 9)  The S052, S054, and S056 observations will provide information on
JOP 9U) the rate of expansion of various parts of the solar corona and the
effects of this expansion upon coronal structure.

Studies of S054, SO055A, and S056 data will provide information
concerning the evaluation of the chromospheric network and its
extension into the corona. S054 and S056 will provide data re-
lating to the temporal evaluation of the inner corona.

Data Requirements

Refer to Appendix A.
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ATM J0P-10
Purpose an

LUNAR LIBRATION CLOUDS
d Background

Perfo
data to su

Scientific

rmance of the operations specified in this JOP will provide
pport:

Verification of the accumulation of dust particles near the
lunar Lagrange points L4 and L5, and a determination of the density
and dimensions of the accumulation region.

Studies of the evolution of the chromospheric network and its
extension into the corona.

Investigations into the evolution of solar features on a time
scale of approximately one hour.

Objectives

JOP 10)
Manned Sch

Observe the vicinity of the lunar libration points L4 and L5.
eduling Guidelines

JopP 10)

Unattended

Perform either Building Block 1 (BB-1) or BB-2 two times per orbit
(early and late) for each orbit that the libration cloud is in
the field of view (FOV) of S052.

The Tibration cloud is assumed to be 4.0 degrees in diameter as
viewed from Skylab. Since S052 operates sun centered and its

FOV is 3.2 degrees, observation should be planned for orbits
where the Lagrange point passes within 3.6 degrees of sun center.

/Unmanned Scheduling Guidelines

JOP 10U)

JOP 10)
JOP 10U)

Data Requi

Point the ATM to sun center and perform BB-Ul. Repeat the BB-Ul
operation up to three times per orbit.

This sequence will be performed during the passage of L4 and L5
within 3.6 degrees of sun center.

Evaluation

The S052 observations will provide information on the accumulation
of dust particles near the lunar Lagrange points.

Data from the S054, S055A, and S056 instruments will aid in the
study of the evaluation of the chromospheric network and its
extension into the corona. Temporal evolution of the inner
corona will be determined from an analysis of the data generated
by the S054 and S056 experiments.

rements

Refer

to Appendix A.
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ATM JOP-11 CHROMOSPHERIC OSCILLATIONS AND

AEATING

Purpose and Background

Performance of the operations specified in this JCP will provide
data to support:

a) A search to detect phenomena in the chromosphere, chromospheric-
coronal transition layer, and the corona which may be related to
the 300-second oscillations observed in the photosphere.

b) A search to detect transient phenomena in the chromosphere,
chromospheric-coronal transition region, and the lower corona

which may be related to the processes heating the chromosphere
and the corona.

Scientific Objectives
JOP 11A) Collect data from a quiet and an active region (sunspot umbra).

JOP 11B  Collect data to map differential velocity fields in the chromo-
sphere and corona.

Manned Scheduling Guidelines

JOP 11A) The ATM will be pointed at the region of interest and one of two
sequences will be performed. One sequence consisting of Building
Block 2 (BB-2), BB-18, and BB-2, if performed, will be pointed to
sun center while the other consisting of BB-10, BB-18, and BB-10,
if performed, will be pointed at a region of interest preferably
close to sun center. It is also desirable that the region cover
at least five arc minutes and ground observatories be available
for concurrent data acquisition. The following will be performed:

a) Roll to 0000 or 10800 arc minutes and perform BB-2 or

BB-10 once.
b) With the pointing and roll the same as in (a), perform BB-18
once.

c) If the sequence containing BB-2 is used, roll to +5400 arc
minutes and perform BB-2 once.

d) If the sequence containing BB-10 is used, roll the S082A
dispersion clear of the region and perform BB-10 once.

JOP 11B) Point the ATM at sun center and perform BB-12 once.
Unattended/Unmanned Scheduling Guidelines

JOP 11AU) The ATM will be pointed at a region of interest preferably at
JOP 11BU) the sun's center.

Perform either BB-U4, BB-U8, BB-U11, BB-U12, or BB-U13 at
several successive ground station contacts. It is desirable
to obtain a sun centered BB-Ul immediately prior to or follow-
ing this operation.

The number and kinds of performances desired will be determined
during the detail planning period each day.
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Evaluation

JOP 11A) Time dependent local density and/or temperature enhancements

JOP 11AU) associated with wave and/or heating processes may produce de-
tectable time dependent enhancements in the intensities of EUV
and X-ray spectral lines and continua observed by S054, S055A,
S056, and SO82A.

JOP 11B) The differential velocities and heating effects may be obtained
JOP 11BU) between a number of features on the solar disk that are highly
resolved in XUV spectroheliograms.

Data Requirements
Refer to Appendix A.
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ATM JoP-12 PROGRAM CALIBRATION
Purpose and Background

A substantial portion of the data necessary for the in-flight cali-
bration of the SO55A experiment will be acquired through the twice daily
performance of the Building Block 1 (BB-1). However, performance of the
operations specified in this JOP will provide the additional observations
deemed necessary at the time of the flight of the NRL and HCO calibration
rockets planned for launch on August 14, 1973, and August 7, 1973, res-
pectively. Another purpose is to obtain film at the start and end of each
of the 35052, S054, and S056 film canisters suitable for perfecting the
film processing chemistry.

Scientific Objectives
~JOP 12A) Obtain calibration data for Experiment SO55A.
JOP 12B) Obtain calibration data for Experiments S082A and S082B.

JOP 12C) Rapidly obtain a number of nearly similar coronal images, for
Experiments S052, S054, and S056 calibration purposes.

JOP 12D) Obtain Quiet Sun Calibration data for Experiment S082B.
JOP 12E) Obtain New Moon Calibration data for Experiment S052.
JOP 12F) Obtain Periodic Calibration data for SO055A.

Manned Scheduling Guidelines

JOP 12A) S055A Calibration

The following operations shall be scheduled for Tuesday,

August 7, 1973, during the first three daylight passes after
1200 hours, Central Daylight Saving Time (C.D.T.). The launch
window is 1200 - 1340 C.D.T. ATM target coordinates shall be
specified in the crew update PAD. Alternate calibration launch
dates will be negotiated during the daily flight planning.
session; these alternate Taunch dates are anticipated to be
August 9 and August 11, 1973,

a) Orbit #1: Perform BB-22 once. The ATM will be pointed
at the center of the region scanned by the calibration
rocket and rolled for SO82A dispersion clear of the quiet
area (and to obtain uniform emission in the S082B slit if
possible).

b) Orbit #2: Perform BB-10 once and BB-11 five times. Suc-
cessive performances of BB-11 are to be at least 2 arc
minutes away from the previous performance. The positions
selected for observation will be located in the area scanned
by the S055A calibration rocket instrument. (Note: For some
performances of BB-11 the SO55A grating auto scan should be
performed with all seven detectors on. As zero order light
approaches within 100 steps of each of detectors 3 through 7,
the high voltage on that detector is to be turned off and
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ATM JOP-12

left off until it is 100 steps past that detector. Other
experiments shown in BB-11 will not operate during this
sequence, The version of BB-11 to be performed on each
repetition will be specified on the crew update PAD.)

¢) Orbit #3: Perform BB-22 once. The ATM will be pointed at
the center of the region scanned by the calibration rocket.

S082A and S082B Calibration

The following operations shall be scheduled for Tuesday,

August 14, 1973, during the last four manned daylight passes.
The launch window is 1200 - 1340 C.D.T. Alternate calibration
rocket Taunch dates will be negotiated during the daily flight
planning session; these alternate launch dates are anticipated
to be August 16 and August 18, 1973. As soon as possible after
the NRL CALROC is launched, confirmation of launch followed by
complete pointing and roll instructions will be uplinked to

the flight crew.

a) To calibrate S082A, roll ATM to uplinked angle number 1,
(which will place the S082A dispersion direction parallel
to that of CALROC instrument A, as flown); point to an
active region within 0.7 Rg of the sun's center, selected
so that the SO55A MAR field of view will cover both active
and quiet areas. Perform BB-21.

b) To calibrate S082B, roll ATM to uplinked angle No. 2
(approx. 90° from No. 1), placing the slit tangent to the
part of the 1imb to be studied.

1) With the slit tangent to the 1imb, perform a limb
scan; i.e., BB-13 or BB-23, truncated to observe
during one full orbit.

2) Upon completion of a), the ATM will be pointed along
the same radial line as in a), but the positions of
interest will be -25, -50, and -300 arc seconds, approxi-
mately. The exact positions are dependent on the
CALROC flight and will be uplinked. Perform BB-6 once
at each of the three positions.

3) Point the ATM at a quiet region specified by the ATM
PI's and siew Hal in a circular pattern of approximately
100 arc seconds during the S082B AUTO mode, at the same
position at which the slew exposure was made on CALROC.
S055A will be in the STOP mode during this time period.

4) Perform one of the ATM TV data cycles as soon as
possible during the 4 orbit calibration sequence.
(See Section 3.2.2.2[e]).

Note: This four orbit sequence provides sufficient time
after completion of JOP-12B step (b) to perform one JOP-6
BB-1.
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JOP 12C) Film Canister

BB-16 will be performed with a roll orientation of +5400 arc
minutes two times in succession, at the beginning and end of
each film canister, which includes the following times:

a) Just before the second SL-3 EVA.

b) Just after the second SL-3 EVA.

c) Just before the third SL-3 EVA.

d) Just after the third SL-3 EVA (ATM unmanned).
JOP 12D) Slew Caljbration

Every day, point S082B at a quiet region specified by the ATM
PI's and slew Hal in a circular pattern with an approximate

diameter of 100 arc seconds during the S082B AUTO mode. S055A will
be in the STOP mode during this time period.

JOP 12E) Lunar Calibration

Perform either BB-1, BB-2, or a sun centered BB-28 two times per
orbit (early and late) for each orbit any part of the new moon
is in the FOV of S052.

JOP 12F) Perform BB-26 approximately every other day to obtain additional
S055A calibration data while pointed at or near sun center.

Unattended/Unmanned Scheduling Guidelines

JOP 12AU) In order to obtain additional calibration data, the Principal

thru Investigators will specify that either BB-Ul, BB-U2, BB-U3, BB-U5,
JOP 12CU) BB-U6, or BB-U7 be performed periodically throughout the unattended/
JOP 12EU) unmanned periods. The pointing coordinates will be specified by

JOP 12FU) the Principal Investigators.

The number and kinds of performances will be specified during
the mission.

Evaluation

JOP 12A) The data from the S055A calibration observations, when used in

JOP 12AU) conjunction with the data from the rocket flights, will complement
JOP 12F) Skylab mission data necessary for calibration of the SO055A instru-
JOP 12FU) ment.

JOP 12B  Comparison of rocket-acquired data will be used in conjunction with

JOP 12BU) the data acquired on the calibration runs to calibrate the SO82A
and S082B instruments, and to cross-calibrate the S055A and S082A
instruments.

JOP 12C) Final processing chemistry for the S052, S054, and S056 film
JOP 12CU) canisters will be determined by processing of the first and last
few feet of the film from each canister.
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JOP 12D) The data will be used to obtain a uniform emission in the
JOP 12DU) SO082B slit to establish instrument sensitivity.

JOP 12E) Calibration of the S052 instrument will be attained by photog-
JOP 12EU) raphy of the new moon when it is in the FOV of the 3052
instrument.

Data Requirements

Refer to Appendix A.
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‘ ATM JOP-13 OBSERVATIONS OF NIGHT SKY OBJECTS
Purpose and Background

Performance of the operations specified in this JOP will provide data
to support:

a) Location of celestial X-ray sources.

b) Determination of the general characteristici of the spectra of
gright celestial X-ray sources in the 3-60 A band and 912-1350
region.

c) Calibration of the UV flux of bright 0, B, and A stars.

d) Investigations of the UV flux stemming from planets, comets
supernova remnants, HII regions, Magellanic clouds and quasi -
stellar objects.

e) Determination of observation possibilities of the chromospheric
and coronal EUV emission of nearby stars.

f) Determination of the point spread function of $052, S054, SO055A,
and S056.

Scientific Objectives
JOP 13) Obtain and record location data on selected celestial X-ray

sources.
‘ Obtain calibration data of bright 0, B, and A stars.
Observe and record data from selected X-ray sources, planets,

comets, supernova remnants HII regions, Magellanic clouds and
quasi-stellar objects.

Manned Scheduling Guidelines

JOP 13) The ATM will be pointed by the crewman, using the Attitude
Pointing Control System, to a location previously specified by
the Principal Investigators. Building Block 20 (BB-20) will be
performed during the dark portion of the orbit. The BB-20
exposure times will be stated on the update PAD. However, if the
ATM crewman can extend the exposure time without impacting the
initiation of ATM solar observations on the next dayside pass,
it is highly desirable to do so.

Data from S052 will be obtained once every five minutes during
the performance of BB-20 for the purpose of more precise
determination of experiment pointing during star observations.

The SO055A grating selection will be made by the PI for each
observation period of BB-20 and specified on the crew update
PAD. This selection will not be changed during an observation
period of BB-20.

A candidate 1ist of objects to be observed by the ATM instru-
ments for the 1950 Epoch follows. Experiments S054 and S056 are
. limited to observations of those objects within 18 arc minutes

.of the center line of the ATM canister (X can).
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. Right Ascension Declination ‘
Priority Source (Hrs: Min: Sec) (Deg Min  Sec)
1 Sco X-1 X-Ray Targets 16 17 12 215 32 16
2 Pup A 8 21 24 -42 39 36
3 Cygnus X1 19 56 24 35 3 36
4 Sco X-2 17 02 30 36 21 36
5 Gx9+1 17 58 36 -20 31 48
6 Nor 1 16 37 18 -53 40 48
7 Crab 5 31 24 22 0 0
8 Cygnus X2 21 42 36 38 5 0
9 Ara 1 16 41 48 -45 28 48
10 Cir X1 15 16 42 -56 58 48
1 Cas A 23 21 6 59 30 36
12 Gx3+1 17 44 36 -26 32 24
13 Jupiter - - - - - -
A 1 Alpha Cma UV Targets 6 42 59 -16 38 2
2 Beta Cen 14 0o 17 -60 7 31
3 Gamma Vel 091 + WCB 8 8 2 -47 11 48
4 Zeta Ori Near S277 5 38 14 -1 58 19
5 Zeta Pup Gum Nebula 8 1 49 -39 5] 25
6 Beta Ori 5 12 8 -8 15 27
7 Gamma Ori 5 22 27 6 18 49
8 Kappa Ori 5 45 23 -9 40 51
B 9 Alpha Leo ' 10 5 43 12 12 22
10 Beta Tau 5 23 7 28 33 47
11 Alpha Gem A 7 31 25 31 59 27
12 Delta Ori 5 29 27 -0 19 41
13 Zeta Oph, S27 16 34 24 -10 28 11
14 Delta Sco 15 57 22 -22 28 36
15 Iota Ori 5 32 54 -5 56 57
16 Gamma Cas 0 53 40 60 27 - 16
17 Beta 1 Sco 16 2 3] -19 40 17
18 Epsilon Per 3 54 29 39 51 48
19 PI Sco S1 15 55 44 -25 58 42
C 20 Beta Per 3 4 55 40 45 38
21 Zeta Per 3 50 59 31 4 1
22 Gamma Peg 0 10 40 14 54 41
23 Theta Aur 5 56 18 37 12 23
24 Eta Ori 5 21 57 -2 26 9
25 Lambda Ori A S264 5 32 23 9 54 6
26 X1 Per S220 3 55 42 35 38 43
27 Kappa Cas 0 30 9 62 39 34
28 Alpha Cam 4 49 3 66 15 16
29 15 S Mon 6 38 13 9 56 19
D 30 10 Lac S126 22 37 0 38 47 35
31 Theta 1 Ori C 5 32 51 -5 24 56
32 9 SGR M8 18 0 49 =24 22 3
33 Ae Aur IC405 = S229 5 13 0 34 15 31
34 X Per X-Ray Source 3 52 15 30 53 56
35 S2, XR1700-37 17 0 32 =37 46 34
36 Eta Carinae 10 43 7 -59 25 45
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The premission flight pian is to include four passes for the
observation of X-ray targets and four passes for the observation
of UV targets, if possible (all to be selected from the 1ist of
targets on the previous page).

Target priority information is included as follows:

a) Th§ X-ray targets are listed in order of priority (1 through
]3 L]

b) The UV targets are divided into four priority groups, A
through D, based on brightness and interest. Group A
objects have the highest priority and Group D objects have
the Towest priority. The UV objects also have a number
(1 through 36) associated with them which indicate relative
brightness (number 1 is the brightest object). The bright-
ness number may be used to determine the relative priority

o; objects within one of the four priority groups (A through
D).

The crewman is to utilize the on-board voice recorder to record
exposure start and stop times.

Evaluation

The Tocation of celestial soft X-ray sources will be determined
by analysis of the simultaneous observations (during the dark
portion of the Skylab orbit) of specified celestial fields by
S054 and S056 in soft X-rays and S052 in visible light. This
is accomplished by relating the position of the X-ray source
in the field of the S054 and S056 X-ray photographs to the
pointing direction of the ATM determined from white light star
pictures obtained by S052. Use of various X-ray filters will
indicate the spectral shape. Information on the UV flux can
be obtained from SO55A partial raster scans with selected
wavelengths or from the integrated UV light readings, with
zero order light set on one of the detectors.

Data Requirements

Refer to Appendix A.
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ATM JOP-14 Unmanned SOLAR ECLIPSE
Purpose and Background

Performance of the operations in this JOP will provide data to
support:

a) Ground based observations of the solar eclipse.

b) Investigations into the evolution of solar features on a time
scale of hours,

c) Stray light calibration of the S052 experiment employing the
moon,

d) Determination of the edge response of the S054 instrument.
Scientific Objectives
JOP 14A) Observe the sun prior to and after the solar eclipse.

JOP 14B) Observe the partially occulted solar corona during the
eclipse.

Unmanned Scheduling Guidelines

JOP 12A) The ATM will be operated for 9 consecutive orbits on

JOP 12B) June 30, 1973 with the eclipse centered on orbit 5 (approxi-
mately 11:30 GMT). Selection of the appropriate Building
Blocks (BB) will be made from the unmanned BB's during the
planning session.

Evaluation

JOP 12A) Data from the S052, S054, and S055A instruments in conjunc-
JOP 12B) tion with the ground based eclipse observations will be used
to determine the temporal evolution of the corona.

The data from S054 will allow a determination of edge response
of the X-ray optics. This in turn will allow a better evalua-
tion of instrument scattering.

Data Requirements
Refer to Appendix A.
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ATM JOP-15 CORONAL HOLES
Purpose and Background

The objective is to perform observations and to obtain temperature-
density data of features known as coronal holes, In addition, data will
be obtained regarding the velocity field in and around coronal holes to
corroborate existing evidence of apparent solar wind enhancement over
coronal holes and the resultant periodic geomagnetic disturbances.

Scientific Objectives

JOP 15A)  Observe a coronal hole on the disk.

JOP 15B)  Observe a coronal hole at the Timb.

JOP 15C) Observe the lTong term evolution of a coronal hole.

JOP 15D)  Observe the velocity field in a coronal hole and its
surroundings.

Manned Scheduling Guidelines

JOP 15A) A coronal hole on the disk will be selected by the crew and/
or Principal Investigators (PI) and will be located on-board
through the _use of the XUV monitor (or observations of
the MgX 625A Tline with the SO55A detector 1 or 3 output
minimized). Once located, the following operations will be
carried out:

a) Perform Building Block 28 (BB-28) once at the center of
the hole as determined by the XUV MON or PAD coordinates.
Point to two other positions in the hole and perform BB-3
at each position. Thereafter, point the ATM at various
positions in the hole and along the boundary, and perform
sequences of BB-6 and BB-11 until at least two performances
of BB-6 and at least three performances of BB-11 have been
conducted.

b) If the hole is large, i.e., greater than 20 to 25 square
arc minutes, additional performances of BB-3 may be per-
formed.

c) If the hole or any part of it is outside 0.7 Re then BB-2
Or a sun centered BB-28 will be performed once every other
orbit in addition to those operations delineated in a) or
b) above. Performance of BB-2 or a sun centered BB-28
will allow observation of the corona above the hole.

d) For BB-3 and BB-6B, roll to clear the S082A dispersion of the

coronal hole; for BB-2 or BB-28 (with S052) rol1l to locate
the S052 pylon opposite the coronal hole and, if possible,
to clear the S082A dispersion; for BB-11 and BB-6A, S082B
controls the roll; for BB-28 (without S052), S082A or S082B
controls the roll.

JOP 15B) A coronal hole that is crossing the limb will be selected for
study by the crew and/or Principal Investigators. The hole
will be located through use of the XUV monitor or coordinates
supplied by the ground. At the location of the hole BB-13
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or BB-23 should be performed once. In addition two pointings ‘
at about 10 to 20 arc seconds above the 1limb in the corona should

be made with one performance of BB-6 and one performance of

BB-11 being made at each location. One performance of BB-2 or

sun centered BB-28 every other orbit should also be scheduled.

JOP 15C) The evolution of a coronal hole will be studied by monitoring
its development every day for at least 10 days with one perfor-
mance of BB-3 or BB-28 and one performance of BB-2 or sun
centered BB-28 each day. The BB-2 performance will be dis-
continued when no part of the hole is outside 0.7 R@.

JOP 15D) For the velocity study the hole will be observed with BB-10,
BB-19, and BB-10 in that order, all performed within the
same orbit. In the BB-10 performances S055A will be in MAR;
in BB-19 the S055A Tine scan should cross both the hole and
the surrounding area. The roll attitude for either BB-19 or
one of the two BB-10 performances should be 0000 or 10800.

Evaluation

JOP 15A) Information on the three dimensional structure of the coronal

JOP 15B) hole will be obtained by X-ray filtergrams from S054 and

JOP 15C) S056 and spectroheliograms from SO55A and SO82A. Detailed
information on the variation of temperature and density as
a function of height will be obtained through a combination
of filtergrams and spectroheliograms and S052 white Tight
photographs, as well as through use of EUV spectra taken by
SO55A and S082B.

JOP 15D) Velocities will be determined by spectra Tine shapes with
S082B and spectra Tine shifts with SO55A.

Data Requirements

Refer to Appendix A.
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AT JOP-16 DISK TRANSIENTS
Purpose and Background

This JOP supplements the observations of active regions (JOP-2),
flares (JOP-3) and prominences (JOP-4) by focusing attention on events
with intensity variations occuring on a time scale of 30 to 50 minutes
which are not assuciated with activity sufficient to trigger the flare
alarm. The objectives are:

a) Investigate the origin of transient phenomena, their temporal
and spatial evolution, and their correlation with flares and
other solar activity.

b) DUetermine the correlation of disk transients as observed in
visible Tight and at radio wavelengths with their EUV and X-ray
manifestations.

c) Uetermine the velocity of propagation of disturbances parallel
and perpendicular to the photosphere.

d) lap the fine structure within the transient and in the surround-
ing region,

Scientific Objectives

JOP 16) Observe disk transients (disappearing filaments, winking fila-
ments and surges) within 0.7 Rg of sun center,

Manned Scheduling Guidelines

If a disk transient occurs, and the transient guidelines specify that
ATM JOP-16 may be run, the crewman is to delete scheduled ATM operations
and initiate ATM JOP-16. ATM JOP-16 may also be initiated via a voice
request from the ground.

JOP 16) S055A will generally be operated in the Mirror Line Scan mode
using the polychromatic grating position, however, the PI's or
crewman will decide on the use of the Mirror Auto Raster mode
as an alternative based on the time scale observed.

Point the ATM at a disappearing filament, winking filament,

or surge within 0.7 Rg of sun center and perform Building

Block 7 (BB-7). Repeat BB-7 at least 3 times. If the transient
is still visible, continue for the duration of the transient

or until instructed by the ground to terminate ATM JOP-16
operations. Missing BB-7 information will be included on the
daily update PAD to the crewman.

Evaluation

JOP 16) The data obtained will be used to determine the origin of
transient phenomena and their temporal and spatial evolution
and correlation with flares and other solar activity; the
correlation of disk transients observed in visible light and
at radio wavelengths with their EUV and X-ray manifestations;
the velocity of propagation of disturbances parallel and
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perpendicular to the photosphere; and the mapping of the ‘
fine structure within the transient and surrounding region.

Data Requirements

Refer to Appendix A.
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ATM J0oP-17 CORONAL BRIGHT SPOTS
Purpose and Background

Two (possibly related) types of small, bright spots have obeen
observed. In the rocket spectroheliogram images of He II (304A), they
appear to be in network boundries. It is not presently known whether all
XUV bright spots observed at other wavelengths are in the network. The
spectroheliograms show that the spots are no larger than 10 arc seconds
in diameter and may be as small as 3 to 4 arc seconds. %imi]ar bright
spots have been observed in 0S0-7 heliograms (160 - 650 A). These are
very small, and at least some of them persist for periods of days.

The X-ray coronal bright spots have been associated with (1) small
bipolar regions immersed in unipolar magnetic regions on the quiet sun,
(2) with some bright features in the CaK network, and (3) with other
indicators of strong magnetic fields in the quiet regions.

It is not presently known whether the XUV bright spots observed by
NRL correlate with X-ray bright spots or the intense bipolar fields
observed on magnetograms,

The XUV bright spots observed by NRL have not been correlated to Ca
IT K or Ha observations.

Scientific Objectives

JOP 17A) Observe structure of an XUV bright spot.

JOP 17B) Observe the short term evolution of a bright spot.
JOP 17C) Observe the Tong term evolution of a bright spot.
JOP 17D) Observe the structure of an X-ray bright spot,
Manned Scheduling Guidelines

JOP 17A) Structure of an XUV bright spot

Using downlinked XUV images and high sensitivity magnetic
ground observations, the Principal Investigators will select
a bright spot for observation by the crew. Onboard confirma-
tion of this ground-selected bright spot will be attempted

by observing the bright spot with S055A detector number 1 or
3 output after locating the spot on the XUV monitor.

During two consecutive orbits:

1) Point the ATM to the bright spot. Roll S082A dispersion
optimal for bright spot. In addition, attempt to roll for
minimum emission, other than from the bright spot, in the
S082B s1it. Maximize SO55A detector number 1 or 3. Perform
Building Block 11 (BB-11).

2) Point the ATM 10 arc seconds left of the maximized bright
spot. Maintain the same roll orientation as in (1) and
perform BB-3.
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JOP 17D)

ATM J0P-17

3) Maintain the same pointing and roll as in (1), repeat
BB-3.

4) With the same roll orientation as in (1), point to a
position 5 arc seconds left of the maximized bright spot,
and perform BB-6A.

5) Maintain the same roll orientation as in (1), point to
the center of the maximized bright spot, and perform
BB-] ] .

6) Maintain the same roll orientation as in (1), point 5
arc seconds to the right of the bright spot, and perform
BB-6.

7) Maintain the same roll orientation as in (1), point 10
arc seconds to the right of the bright spot and perform
BB-1]0

Short term evolution

An XUV bright spot will be selected for viewing. The ATM

will be pointed at a bright spot (using the XUV monitor and
S055A detector number 1 or 3 output) with SO082A controlling

the roll orientation and BB-3 will be performed nine times.

If the first orbit during which BB=3 is performed is designated
as N, then the remaining 8 performances will occur on orbits
N+1, N+2, N+4, N+6, N+10, N+14, N+22, and N+30. (Note:

Some unattended operation will be required to accomplish this
performance schedule; however, unattended operation is to be
minimized,)

During successive pointings, the S082B sl1it will be placed on
the center of the XUV bright spot.

Long term evolution

Perform BB-3 or BB-6 twice per day for the life of the bright
spot or until limb passage. For each performance, the S082B
slit will be centered on the XUV bright spot.

X=-ray bright spot in the network

Using high resolution and high sensitivity magnetic and Ca II
ground observations, the Principal Investigators will select

a bright spot for observation by the crew. Roll S082A
dispersion optimal for bright spot and also for minimum extra-
neous emission of the S5082B slit., The ATM is to be pointed at
the bright spot by maximizing S055A detector output for a
specific coronal 1line (to be supplied on the update PAD).

During two consecutive orbits:

a) Point the ATM 10 arc seconds left of the maximized bright
spot and perform BB-3.

b) Maintain the same pointing and roll as in (a), repeat
BB-3-
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c) With the same roll orientation as in (a), point to a

position 5 arc seconds left of the maximized bright spot,
and perform BB-6.

d) Maintain the same roll orientation as in (a), point 5 arc
seconds to the right, and perform BB-11.

e) Maintain the same roll orientation as in (a), point 5 arc

seconds to the right of the bright spot, and perform
BB-6.

f) Maintain the same roll orientation as in (a), point 10 arc
seconds to the right of the bright spot, and perform

BB"‘I‘I .
Evaluation
JOP 17A) Information about three dimensional structure of XUV bright spots
thru will be obtained from $054, and S056 X-ray filtergrams, and

JOP 17D) spectroheliograms from SO82A and SO55A. The spectra obtained
by S055A and S082B will provide information concerning the
temperature, density, and velocity as a function of height.
Observations obtained at a rate compatible with the time scale

of development of the region will be used for evolutionary
studies,

Data Requirements

‘ Refer to Appendix A.
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Section 3.2.2.5

Manned Building Blocks
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BUILDING BLOCK 4: SPATIAL AND SPECTRAL RESOULTION-BRIGHT FEATURES
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BUILDING 8LOCK 5 : SPATIAL RESOLUTION - BRIGHT OBJECTS
5

x
8 4.2 8 4.2
F m F m
7 AUTO AUTO
7,

.
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BUILDING BLOCK 7: SPATIAL RESOLUTION - BRIGHT OBJECTS
0

xn

Tiaar 3 35 45 2
(MIN,
! 1|||||L11| ‘llllllll |||1|1llll|111|1|1| Ly llll 1|1h 1]LLL11111||I|11|1111 llllllllll'lllILhJLJ nnnn
REMARKS Information in brackets is fo be used for ATM JOP-16 when BB-7
is initioted as a resul! of a voice update during the execute period.
}5 Z 6 1.5
X-RAY F m
TELE R
I PATSOL
vorysres
XUV 7| TimEe
SPECT | WV 18D,
824 7/} exp iweD]
7T,
8 4,2
xuv | F m
suUT
BN AUTO
wLC
SCAN MAR (MLS) /
SPECT
554
M
X-RAY or 5
SPECT o
54 S
64
TMON | Ha 1 (4 FRZMIN) /
Vion 4 H1 2/XUV MON / /////
ARELDR RARARAR! I 1Y 1 T 1
e |VTVITTTTT ['l‘l l'l'] M I I'T'l'l' I I ] l' 'l I'I l'[ I I'l'l [ I'I'I'l [ | ! I M [ RN
(MIN)
0 ©
BUILDING BLOCK 8: FLARE ,
(SEC) (MIN (MIN)
TIME 10 0 5 10 15 20 25 0
DL L, RPN RRRRARRRNAARRRAARANAD .1,111,1.I,1.|.1.1 [0,
27 FLARE FALL 7 POST FLARE
A, B, C -~ performance d rion lett ! * Continue POST FLARE programs for o
REMARKS 1 Continue FLARE RISE mragrams for esfanotion letter Continue FLARE FALL progrems for duration of fall portion of flore; | Rl orbit ollowing the one in which
duration of rise portion of flare; I then begin POST FLARE programs. Do not interrupt S0B2A, 50828, ! the flare occurs unless instructed
A ther: begin FLARE FALL programs. i{ 8 or 5054 prior 1o compietion uf mode. ‘|” C otherwise from the ground.
H el
x-RAY ) 12 AT htorn | )
AUTO N 1 Continue AUTO, N 13t Orbit N
Teie I N + Go to ACT2, N 2d Orbit
L AU'LO (Continued)
¥ E S FUARE LA} FLARE iy Z[TIME, Short WV, sec
XUV wv §1 (87 Y | // one exp,/10 min
SPECTIL FLARE  [Exp Tstc : WV % TIME, Short WY, sec ¥/ § (R Soart W —sec
one exp/5 min |/ ﬂ / § one exp/20 min /
1o AV, AT II1TII /117,
H* FLARE 12.8 FLARE § AUTO *+7] auto | .
xuv H z A
AV AT
sut A FLARE } A JATIME, Short WV, — sec. A $ TIME, Short WV, __ we/ )
7 77/one exp:S min. |7 one exp/5 min
ta | / § g
; LRSI Il ) |
WLC
52
SCAN MLS Stop of 15 min after MAR (GAS)
SPECT Det _Al Det | thry5 fare start Det All
554 Grat 0000 Grat 0757, 1288, 1928 o eon
e 2686 or 3450
/e R/ T
X-RAY M 1,0, L 4 " U
SPECT [gf 227 M, -, O, P, 4 13 1 o o o
3 02 TiHe d H 5 7N
d W, 3,1, , 16 e 3 M, 3, I, H, 64 ! ‘5( 256 256 256
1 MON J H1 (4 FR/MIN) 77
Vimon o Ha 2/ XUV MON
(Tw’z I[llr]TlIIIIIIIIIIIIIPIT})IIII|I|I|||l]|||] I'||||| |||||||||||| |||||||||‘|11"|'|'|||||||'||[ ||||||l||'
' o 10 5 10 15 2 25 0 5 10

&

** Repeat 5054, 3 fitter post flare sequence for the duration of BB-8 post flare

TEME FROM FLARE START (SEC)

TIME FROM END OF FLARE RISE (MIN)
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BUILDING BLOCK 9- LIMB FLARE

(5eQ) LMIN) (MIN)
9 10 20 5 0 10 VS 20
TimE
(MENY I I l I I l I ! ;J
e FLARE RISE— FLARE FALL ! POST FLARE
, B, C - performance designation letter Cont FLARE FALL coms for durotion of FLARE FALL 1 M e POST FLARE p oq oms for
REMARKS |, ot | b pomtion of flare, then b"q" POST FLA rogrems. Do not | BT o follow ng the o in wh ch the
duratio : vvvvvvvv pt S082A, 50828, oe 5054 prior to completion of mode. | zae h: ues u J nstr ued otherwise
A then beq HAR[FALLp gum i Wys 8 1,¢e]¢ om the groun
BRAs 1)
i AT Restart) 177 Continue AUTO, N 13 Obin
x-RA AUTO ™ Jw¢ bit
Tee [ N o5 ‘q{.‘ Go 1o ACT2, N 2nd Orbi
E A (Continued)
TIME Short wv _sec
24 19.2 T ne a /|o mi av, //
XUV s TIME f FLARE [ FLARE 8 l i ’////// /////////
speCt o 2L | ruase LAY /jnw Shon WV, Z % % §
82A L EXP 3 5tC 7« # in
Z /[ AN 17 $

XU

/A JIIIIIIIIIIIIIIIIIIIIII
St Y’ FLARE ////// / / 7 /// //

oy 7 77 6.2 34 wLC 16.5
/ / ' " / MON m
e // / 7 FAST SCAN _ EXTD STD txIp :
(FAST SCAN) (FAST SCAN) M
MLS BN 3 . 16.5
SCAN Der. Ali  OR DET 1 THRU 3 M3R -
SPECT Great_0000 GRAT 0757, 1288,1928 Det___
55A 2686 OR 3450 Grat
af 453 M, O, P 13 kLen sfqs ™ 6
A-RAY B M, 1,0, L, 4 ] F ¢ ™l
SPECT [B)229 M, ., 0O, P 4 m | : cs) -
* e M, 3,0, P, le N 13163 M, 3,0, H, 84 256
1 MoN T 7 W) (4 FRMING
VIMON XUV MON
e [VTTTVIT]T l'l'l I'l'|'l'l“‘ |'l'l'l'['l'l'l’l']‘I'I'I'l”‘l'l‘l'l‘]'l'l'I'l' 'I'I']" ]'I'l‘l'l']'l'I‘I‘I'|”"'I‘l‘[rf‘l i
(MIN)
0 2
TIME FROM FLARE START (SEC) TIME FROM FLARE START (MIN) TIME FROM END OF FLARE FALL (MIN)

£

*#REPEAT 5054, 3 FILTER POST FLARE SEQUENCE FOR THI DURATION OF BB-9 POST FLARE
*%# CONTINUE LAST MODE FOR DURATION CF 88-9 POST FLARE

BUILDING BLOCK 10 : PRE-FLARE - HIGH TIME RESOLUTION
10 55
TIME

MIN) lllllllllll‘lllIllllllllllllllllllllllllllllllllllllllllllllIllllllllllllllllllllll‘lIlllllllllllllllllllllll'

.. 00
aEE e

-
e = @

%
%\

-
§\

/ .

1 MON [ Hal W FR/miNg ) W I L ///////// //// ////////
VMON? Ha2/ XUV MON //// // I 7 7/ /) Y

T l‘]l'l]lll llllll|I]l'l[lll'lll]lll'I]lIIII]IIIIIIIllllP'lllll]lll]lll]l IIIIII]IT‘T]’II I IIIIIIII'
15 20 25 30 35 50

(MINY 0
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.m,|.1.11111.1.111.1.1.1.1.1.1.1

(MIN)

.Inlllnlnhl.l. lm.l.1.111.1.1.1111111.1.1.1.1.lll.l.l.hm.l. 11.1.111

8 //

/

XUV
SSSSS
824

W

—T
=

=~

_
/

B =
//%/
//////// ////

o 1
:;:é:'éﬁfi// /////////%//
nml(zz::/MIN) iy
2 / W W
(((((( IIII]IIIIIII]I l ']‘]IIII‘IIIIIIT lllIIIIIIIIHIIIIIII]I'I]IIl]l]]]l]]]]]ll!ll l l l I T IIIIIIIII l Ill I[Y]
__Lm.lll.lll.l.lllll.111.1,1,11111.1.1.I.|1|.m‘Ill,hlu.lll.llhulll111|ll.l,m,m.I.l.m.l.l.m.m.
e we Y //,
B82A E)(P / //////// / // /
//
//////// //
. 7
.
7
/ ////// /// .
X-RA %EA“ { ’/
g :::: ? / /4/
’17(;1
v ~ /
Hlmf“ |||I|IX;JIIIIIIIIIII 'lllllllllllrrllll]llllllllrT]'llll]lll||I|]r[ll'i']’lllllill Illlllllli[]l[l[illllllll
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SUILDING BLOCK 13 - LiMB STUDY
e ) 3 10 15 2 25 30 35 40 © 50 55
IMIN) lllllllllllllllIlllllllllllllllllllllll[llllllIllllllllllllllllIllllllllllllllllllllllllllllllllllllllllllLLq
W May be truncated atter 2 orbits. *Optional sequence 1
5.8 minute sequence that must be {

(((((

BUILDING BLOCK 14 : CORONA BACKGROUND SPECTRA

11.1.1.|1I.1.|.1.11I.1.111.1.111.1.1.1.111.|.1.lll.l.l.l.lll.l.hm.l.1.1.1.1.I.|.|.|.|.I.|.|.l.|.l.m.1.1

.

\

SSSSS

XXXXXXX

SSSSS

.
.
///////////////////////

L
§\

/////////////////////////////////////

-

m\
=
§

// ///// ///// // // //// // //// ‘

quququ

2|]I‘l|]|ill|lll‘7llll|l‘lI'[lIl‘lll[llll‘ll[lllIII‘]III“]I
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BUILDING BLOCK 15 ATMOSPHERIC EXTINCTION

TIME
' SO [ylaledy lnlxllhlnlllhlllnlllrl:lulul Lt AN lxl:h;!i!;h!i!1!n’i’.'l||ih'|i'|i|'|‘1|j|'j|'n'u'1_ul.J'LLLu.LL" ‘
REMARKS
sJ ACTT, S
e /// X-REA 2 HY Pwk/
N /4/’ Aéé
Xuv /
SPECT
824
/ % %
XUV Setup
suit TIME /
828 WY
i
. Perform oni _ CONT |
mic ’;/ ;: t'i";.%,,j - (SUNSET CASE ONLY) :
2 |
SCAN STOP (MLS)
SPECT Det
55A Grot
X-RAY Setup 3(22?4)
SPECT / PHOTO MULT o
54 ENABLE COH
/ 4
TMOoN XUV MON
Vimon 2 w2
Tine W‘VlW'PIW'VIW’V]W'V‘W‘VIWTVIW'VP|W'VIW'rIW'VIW'VIW'V]W’VIW'VIW'VIW'VIW
(SECH
TIME BEFORE SUNSET (SEC)
. BUILDING BLOCK 16 : CORONAL TRANSIENTS - FAST
e o 5 15 20 25 30 35 40 45 50 55

iy n|1lnl|lnlnlll;l||1ln]1|||||||1|||1||hll|1|||1hl1|||1lnh_l_xllllll|1lll|l|llllllllllhhllhllllllljllllhh

TIME

WV

==
.

=
= -
S e

=

”MOENZ|'|IIIIIIIIII)T\IIIN\lolN]lIl]li ill| I[TITIIIII|IIIII]| I IIlllll‘lllllll‘l,Fl'I'Tlllll"lllll Illlll[ll ]I]I]]I

45 35
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TIME ¢ 5 : 10 i -15Lw 20 25 30 35 40 45 50 55
AR ARAANNAARR AR AN RAARANRARARRARARANNA RN AN NN

xw12?i W“Pi¢ﬁ£@%4%é7 i%%%%%é%% // %%7%

, ...
e ///////// -
o

el B ////// ///////////////////
# 1 -

\\

SRR /9?7// /’ AV AZV AV /CQZZ/ZZ//’ T,
Vivond xuvmon /27 /4/'AZQ//' W 7 Wi AZ&C/zc/AV T
e |]]]|IIII]I]T]IIIIIII]I]’I‘II]IIIIIIIP III 17 IIIII|I]lll]llll“l[lllp]l]l‘IIITIIIII]I]I‘IIIIIIIII III FrTfeet

- o 5 ™ 10 ' 15 20 25 30 35 40 45 50 55
et lllllllllllllllllllllllllll]llillllllIlIllllllllllllllllllllllllllllllllllIIlllllllllllllllllllllllllllllllll

RRRRRRR / ff’ :V////%////// ///////////////////

//7/////////

] [ // //

T //////////////////////

NI ///
o g
M'mwmwmwwwmwmwmwmwmvmwmwmmmmwwm”m”wwa

l
44444

55
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BUILDINC BLOCK 19 : VELOCITIES

P 7
=
d //”///4////////////////////////
////// ///// .

BUILDING BLOCK 20: NIGHT SKY SOURCES

to MECH 0000 WARNING
11. Return SR/SS to CMP

TIME 9 35
(MIN)
KRRRARRAA? I.1.mll.lll.111.| I Ly RARRRRRANRA?
Prior to Sunset i For Second Storfield
REMARKS 1. Set 5R/SS to SUN ==meeeered
Set AUTO GG to INHIBIT 8. Repeot steps 3, 4, 6, ond 7
Verify SO§5A GRATING POSITION is Opt 0000 “TIME” EXPOSURE
ol 2. Update moneuver time (DD, min Duration ___min T
; 52030 e 7, W
X-RAY 5000D € /// ! START, m CAMR PWR, OFF }// /// /////// ////////
;ELE /111177172777 TTTT777 77777 T 77 T 77T 727775 777777777777 777 ] atter 30 se PO
“Ahier Visible Sun 7 CAMR PWR, ON Before Sunrise
e START AND STOP - : ;
b g e ‘ At
xuv 5 XXX E / return to St attitude
L o i X b S / 7 / A 10. WARNING. Return S052 AUTO DOOR
824 o moneuver bia / / 7 to NORMAL ond return SO55A groting %
’

XUV

DS

sur
828

5+ 777 €

NOTE:

5. Doors open:
Ex pl setul
5056:

WwLC
52

S052:
S055A:

5054:

Y and Z limited to TBG
5056, S055A, S054

SINGLE FR __, LONG Y

.

AUTC GG to ENABLE
7 Exoeriment doors to CLOSE
77

) )

FAST SCAN, AUTO DOOR OVERRIDE,
MIRROR POSITION-CAMERA, DOOR OPEN
Grating Ont

Det __HV _, MAR
M, 3,0, 5, 64

T

W

1A

-~

-

\i\

7
/
o

MAR

gsEArsTJ / / D t AH / / / /
Sa / // i‘i grof. "' 59; after _—rastes / 7
X-RAY " || Ddr:ncg:ro din v, :{TéATle‘RER/M% - SlNGLE %
s / / // //// L ”*1 7
o I
Y MON 2 7 / / Y
e 'l”'“]q'“IW'“IW'“IW'FIW'V]W'V|W'|l 'VIW'VIW'V[
5 10 15 20 25 0

0

35
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TiME
(MIN)

BUILDING BLOCK 21: NRL CALROC
10

maml 1111JJ|1|11.1.1,1‘I

20 25 30

Ll

as 40 4H
Ll e b s L

50 55

REMARKS

1.5
F PATROL m

90 degree roll

Xx-RAY
TELE
56

6 5 15 5SS
F m F L3 Z Lk

PATROL
N

ACT i

5 6

m F PATR
L

oL

XUV
SPECT
82A

AUTO 2
N

Xuv
SuT
828

AUTO

//

wLC
52

SCAN
SPECT
35A

v —

s 17
S
MAR Grm

Det 12357 F Sel
Grot 1186 Grot 1281

MAR eg’r'm
Det 257 e
W

-

MAR Grat
Det 15 Isel

z_
]

3o

A

Grot 1465 W

S

MAR
Det 245  FSel
Grat 2888

5.5 1
m 7B
Grat MAR

Det All

3
Grat 0000 /

X-RAY
SPECT
54

6

mZE sP]8
F m

M
F 2 m
(¢}

X=X
oz

N
Qo

S
56

N

256

8 M 6 ”
F 6 m
o}
s 7

MON |

Hal (1 FR/MIN)

<=

MON 2

TIME

IN
lM)U

TIME
(MIN)

BUILDING BLOCK 22: HCO CLROC

lllll[lllllllllllllII'I]II‘Illll]”]ulzlI]l]l]l]lll]l‘l‘lllll]ll

30

25 30

IIl]llllll‘ll]l]lllll]l]l]

35

5 10 15 20 40
AR AR N AR AR AANARRANAANA AN NN R AN,

ll]l‘lll]l[l

55

45 50 55

REMARKS

X-RAY
TELE

o

AT 5 ;15
PATROL
N i FPAYROLm

ACT 1
S

5§16
mEq F

PATROL
L

35
o

s
30

ACT Y
L

XUV
SPECT
82A

107

= o

Y

i

Jin;

AUYO 2

XUV
SLIT
88

SEQ 1 DET 34756 DET 13456 DET 275 DET

GRAT 0419 GRAT 0611 GRAT 1281 GRAT 2670 GRAT 2989 GRAT 0000

145 DET

123 DET  ALL

SEQ 2 DET 134756 DET 23456 DET 12375 DET 1

GRAT 0159 GRAT 0203 GRAT 1186 GRAT 1410 GRAT 2888 GRAT 0000

2345 DET

245 DET  ALL

]
>
[=4
=
o
3>
ol
<

////////A

B

-
/////

.

Hat (1 FR/MIN)

m //////‘

/////// I

30

3-134

lll‘lllllll'lllllll]llI]l|iIlllll]lllllll|ll|l|[lll]llflllllIII‘lll]ll|]lllll]l|]|l|1

35

lll lll‘lll IITIT]‘T

55




BUILDING BLOCK 23- ACTIVE LIMB STUDY

0 5 0 15 2 25 30 5 40 45 50 55
TIme . l P | 1 | ] |
{MIN)
T/ Moy be truncated after 2 orbits :
REMARKS | Note |
One performance requires 3 consecutive orbits. The AUTO STEP made of the XUV SLIT is o 145.8 minute sequance that must be |
placed in HOLD stotus ot the end of each orbit. The operations shown for the other experimants shall be repeated on each of the 3 orbits.
6 5 {6 16E§6 16
x-ray (¥ " 1 ; i 3 s "
e PaTROL FPATIOL = PATROL PATROL F patkOL m | PATROL
1 1 | ]
xuv | TIME f TIME f TIME 1
gpec o T bh e '
— — 1
]
|
Xiv |
sut AUTO STEP 1
828 |
/// / %
WLC ,///%
7. e 7
5z // é/
:
sC
wbé; {,‘3,"__
354 Grate—
8 M st M Q8 g M
- F ) ™| 4
el M | ¢
54 s S s
25 256 : 256
1 MON XUV MON H
Vion 4 xuv i Ha1 (1 FR/MIN |
e l'lll]l]l I]I]III]III]I]II Illllllllllll]'T]Y]'II'I[IIIII‘I‘[IIIIIIIIIIIIllllllllllllll]llll ]III]I]TIIIIIIIIII]
{MIN)
) 5
{Hold, second orbit or\ly) T
BUILDING BLOCK 24 FLARE WAIT
Ime 0 5 10 5 20 25 30 35 L 45 50 55
sl lllllllllllllllllll|llllj!|Illill]llIlllllllLllhllllllllllllllllllllllllllllllllllllllllllllllllllIlllljllll
XN MONMN o VIR 56 ALY
REMARKS
The irfarmation in brockers is 1o be used when BR-24 is initiotea os o
result of o voice updote during the execute period.
60 27.7
:E-LREAY ' ACT 2 " ACT 2
5% L L
g 7 / L7
xuv Timt - // . 7 TIME 7
SPECT WV (TBD: / / \EN):/P }:g
82a EXP 'TBD.
Lexe 7 7 7,
XUV 4 7 TIME % ./////
o2 ' i 7 RRS ' ‘ 7
% ////
/ 7
\gztc /// % 7 2 / //,/, %
07077 % Wik
. MAR, (MLS)
g;icr ge.:,. '8&56‘
A mos. W m-0s- 4 wos- V771 mos- b7 M-0s- P~ 1 m-os-
;5:513 M _— OH-— M—— OH — M___ OH_— 4 M__ OH_—
* < [MI0H64, [ MI0H64, "M10H64 [MIOH64 7
TMON | H2 | (4 FRMIN)
VimON 7 XUY MON
t
TIME |'|I|I1I|I|ITIIIIIIIll]llll!lllll'lllllll]IIIIIIIlTITTTIY]I]I‘T]’T]’III] ]l]l]l]flflT]TPl—TlllllIIIIIII]T]IIIIT
MINY- 5 10 15 20 25 30 35 40 45 50 35
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BUILDING BLOCK 25 CORONAL TRAINSIENT WAIT

VI H 10 15 20 2 0 3 0 45 50 55
A lllllllll‘lllhlIlllllllll]llll llllllllll‘llllillllllllllllllllllllllll‘lllllll
A (SUN CENTERED B iFEATURE CENTERED)
REMARKS
The information in brackets is to be used when 88-25 is initioted os o
result of a voice update during the execute period.

. N B sV . 7
x-kav §F m f m ﬁ/;/ /// / / S 7 . //
TELF PATSOL ACT I % / e /?
s

L %
SPECT % 4 . ; 0007 /4 7 /// ///,//;{, Ty 7
ara }/////74 EXP 3 min, 20 sec 7 ////4/////%//1/ 7 /// 07 /

w U . s T
4 B @ .

878
Z - £ // o5 " / 7, Y
R o -

monp 7
i
17
SCAN {MAR) or MLS MAR or MLS %/ /
SPECT Det Al Der Al ¢
S5A Grat 0000 Grot 0000 % / // %
My 0000
Y ////////// 7
N //////////

q 64 A

0,
o Z @92+ 9

L\ Y/ M
g A '

e X-RAY °
H

SPECT “
o4 MIOH64 " W/// o

Hr | (4 FR'MIN)
WLC/ XUV MON

gwrowz

2

MON |

<=

MON 7] ZZ 7, a4y
— l'l‘l]l]l]lII]I‘I]lll]l]I]l]l]lllllllll]lil‘IIIIII]III[I'III[I[III[I] lll]lll‘l]llll!]l]l‘l]lll]l]l]l
MmN 5 10 s 2 25 30 35 © a5 50 55
* 5054 MODE SELECTION SHOULD 8E BASED UPON OPERATOR JUDGEMENT
BUILDING BLOCK 26 SPECTROMETER CALIBRATION
50 55

4,
Mt 5 9 5 20 25 30 35 40 5

iy lllllllllllllllllllllllliIllllilllll]lIl}lIllllllllllllllllllllllllllllllIIlllllllllllllllllllllllllllllll

REMARKS

e PATEOL s N ,//%/// 7 2 A

-~~~ @ 7 _

o
o

N\

3

82A /EXP,__ %

7 o

W 0 0 7 )

< | oo o

/4%%%%?47//4‘ / 0
0 /,//'/ 7 Z //// Z /%//,,/4
/,/Z/ = /// _ 7 // 4/ . /////////////////

SCAN 7 7 ///,V

1 '/ 2 7 7 /
A= -
g = I -
P 0000 //// , v
- F - m L) / 7 // //// // //(//
Sreer o ( /W/////////@%%/ /? é/,/%é/// ////
7 T 5 5 g B

N

G

wLC
52 STD

N

/7| Detector Turn OFF

Grating  Detector
HEY

-
v

* 700

TIvoN 1] W12 FRming e e A,

VimON 2| H: 2 R AL 0
TimE ‘|']'l'l'l'|'|'| 'l'i'|'|'|'|'I"'|TI'|'l‘|'|'|"'l‘l'l'l‘]'l‘]'l'f'l'l'l"']']'I'l‘l'l'l']‘ll‘l]"‘l‘
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BUILDING BLOCK 27: SPICULES (NRt)
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BUILDING BLOCK 28: FAINT CORONAL STRUCTURES
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BUILDING BLOCK 29. LIMB STUDIES
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Section 3.2.2.6

Unattended Building Blocks
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BUILDING B8LOCK U1

0 5 10 15 20 25 30 35 40 45 50 55
Sl lllIIIllllj_llllllllIlllllllllILllllelllLlLllllllll‘lllllllllllIllllllIllldllillllhljllllllllllllllll[lll
POINTING

REQUIREMENTS
AND REMARKS

SUN CENTERED OR OFFSET
* SO52 WILL ONLY OPERATE SUN CENTERED
» 5052, SO54, AND SOB82A SEQUENCE WiLL STOP AUTOMATICALLY

N NS ‘\\\\\,\ N it
N SN ) NN N\ NG SN
e \\\\ N \\\\\\\\\\\\\ I_ntt
SPECY » \\\\\\\\ N NN \§\ N NN
o N N D '
50824 W : N NN \\\\ NN
DAVNGR < D 2 NN NN NN ENN B
RN \\\\\ NN 3 S
NN Q NN
Ret¥ \\\\\ N \\
T
SCAN 2 5.5M NOTE: THIS SEQUENCE WILL CONTINUE UNTIL EITHER A GROUND STOP COMMAND
SPECT 1S TRANSMITTED OR UNTIL AUTO STOP OCCURS AT E-SUN TERMINATOR
50554 DEY
GRAT ___
[ & 13 R R
-RAY | f M M M N
;PER(A: ° IMINY (MAY) K
5054 s
leaor b T NI TN N . R - N 3N
MO SRR A RN TN o SN e e N N A R ; |‘ N k[ ;‘ .
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o 'l‘l'l‘l']‘l'l‘l'l‘]'l'l‘l NEUNUUNEY T e MNUUHHEBNNEUNN
b ; 1o s 20 2 30 35 40 4 50 K
NOTE SOS55A - ® DETECIOR NUMBLK AND GRATING POSITION Wil BE SELECTED DURING DETAIL PLANNING PERIOD EACH MISSION DAY AND
COMMANDED FROM THE GROUND.
o WILL AUTO START AT £-SUN TERMINATOR NEXT ORBIT UNLESS INHIBITED OR UNLESS NEW MODE IS SELECTED AND
COMMANDED PRIOR TO TERMINATOR
SOS4 - ® ANY FILTER POSITION MAY BE SELECTED, BUT ONLY FILTER NUMBER 1, 2, OR 3 MAY BE GROUND COMMANDED. FILTER NUMBER SELECTED
WILL B INCLUDED ON CREW PAD FOR C4 D UNATTENDED OPERATIONS SET-UP.
o EXPOSURE RANGE SWITCH POSITION AND PICTURE RATE SWITCh POSITION WILL BE DEFINED DURING THE DETAIL PLANNING PERIOD EACH
MISSION DAY AND WILL 8 INCLUDED ON CREW PAD FOR C4D UNATTENDED OPERATIONS SET-UP. FOR UNMANNED OPERATIONS THE
EXPOSURE RANGE SWITCH WILL 8E SET TO 256 AND THE PICTUXE RATE SWITCH WILL BE SET TO SINGLE (5).
BUILDING BLOCK U2
e 0 5 0 15 20 25 30 35 40 45 50 55
IMIN) | I | l | I l I I |
bbb bbb LWL LG bbb b b b L L b b b b b bbb b bbb L b b b L L G b d
POINTING

REQUIREMENTS
AND REMARKS

SUN CENTERED OR OFFSET
* SO52WILL ONLY OPERATE SUN CENTERED
® 5052, SO54, AND SO82A SEQUENCE WILL STOP AUTOMATICALLY

AN T X \ Nt N N
o RN 1 . K \ N
N \\x\\fvxﬁx\\s‘\\%\ \\\\~ AR \5§§&
R N Alkinina N 3
12 A I I an 2
wic |f o &\&{%\@N&\\\\Q\\\&\\\k RN \\\ N \\ SN \\\\\f\* N
> U R .\\\?\\\\ \\i\\&\ kg \ N N \ NN \\
SCAN GAS ' 38Mm NOTE: THIS SEQUENCE Wilt CONTINUE UNTIL EITHER A GROUND STOP COMMAND
gg.’scf):ﬂ bert l 1S TRANSMITTED OR UNTIL AUTO STOP OCCURS AT E-SUN TERMINATOR
8 6 13 N \ . SN N A N \ RN
x-kav | F M M M RN NN '\\\\\*3\\‘\‘ N RO
spicT 5 (MINY itax S >\§\\ \ RN
1 IMON RN AT N S NN R N .
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IMIN
0 9 10 15 20 25 45

NOTE: SO55A - « VERIFY THAT DETECTOR 3-7 1S OFF BEFORE OPERATING.

30 35 40 50 35

& WILL AUTO START AT E-SUN TERMINATOR NEXT ORBIT UNLESS INHIBITED OR UNLESS NEW MODE IS SELECTED AND
COMMANDED PRIOR TO SUN RISE TERMINATOR,

SOS54 - @ ANY FILTER POSITION MAY BE SELECTED, BUT ONLY FILTER NUMBER 1, 2, OR 3 MAY BE GROUND COMMANDED. FILTER NUMBER SELECTED
WILL BE INCLUDED ON CREW PAD FOR C&D UNATTENDED OPERATIONS SET-UP.

® EXPOSURE RANGE SWITCH POSITION AND PICTURE RATE SWITCH POSITION WILL BE DEFINED DURING THE DETAIL PLANNING PERIOD EACH

MISSION DAY AND WILL BE INCLUDED ON CREW PAD FOR C2D UNATTENDED OPERATIONS SET-UP. FOR UNMANNED OPERATIONS THE
EXPOSURE RANGE SWITCH WILL BE SET TO 256 AND THE PICTURE RATE SWITCH WILL BE SET TO SINGLE (5).
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BUlLDING ILOCK u3

55
TimE
il 1111111111 lllnl|||hl|l|lll||1]llllll1[ IJllllhllhlll 1y llllld[llll[ll]hl ll[lll[l]llllllllll Illlll[l
POINTING
REQUIREMENTS | SUN CENTERED OR OFFSET
AND REMARKS © 5052 Wil ONLY OPERATE SUN CENTERED
® SO52, SOS4, AND SOB2A SEQUENCE WILL STOP AUTOMATICALLY
NN W\
XUV \\\\\ \ \\\ \
SPECT \\ \‘\
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12 5NN \\\\\\ \\ \\\-\.\\ \\\\ X
NN N N
wic |F oo M \\ \\\\\ \\ \\\\\ D \\\\\\\ \ “ \\\\ N N
5052 N N N
\ \ \\ \‘\\\ \ \ \
M MAR ]
SCAN GRA? 2 5.5M NOTE: THIS SEQUENCE WILL CONTINUE UNTIL EITHER A GROUND STOP COMMAND
SPECT Det _ 1S TRANSMITTED OR UNTIL AUTO STOP OCCURS AT E-SUN TERMINATOR
SO55A SELECT Oet.
DET) ol — l
8 ¢ \ NN NN N N \
:5:: Y F M (M-x) ‘ \\\\\\\\\S\\ N\ \\\\\\\\\§\‘\\: \\\\ \\\\\ \\Q\ \\\\:\\\ N\ ‘\\\%\\\\
9] \ AR \ NS
B S : \ \\\\:\ N \}\\\\ N \\\ \ \\\\\\\1
1 [MOKN N N S NN ) 2 S N N N \
Vimern R0 ‘ s = N N
T ‘”WUV 'VVVIVPVVVVIFVVIUVIVV 'VVVVPVVV“VV“VVPV“ T
LT 30 5 40 45 50 5
NOTE: SO55A - o vemv THAT DETECTORS 2-7 ARE orr
® GRATING SELECT MUST BE PERFORMED OVER GROUND STATION WHERE TM IS AVAILABLE TO VERIFY DESIRED
GRATING SETTING IS REACHED.
SO34 - = ANY FILTER POSITION MAY BE SELECTED, BUT ONLY FILTER NUMBER 1, 2, OR 3 MAY B GROUND COMMANDED. FILTER NUMBER SELECTED
WILL BE INCLUDED ON CREW PAD FOR C4D UNATTENDED OPERATIONS SET-US.
* EXPOSURE RANGE SWITCH POSITION AND PICTURE RATE SWICH POSITION WILL BE DEFINED DURING THE DETAIL PLANNING PERIOD EACH
MISSION DAY AND WILL BE INCLUDED ON CREW PAD FOR CAD UNATTENDED OPERATIONS SET-UP. FOR UNMANNED OPERATIONS THE
EXPOSURE RANGE SWITCH WILL BE SET TO 256 AND THE PICTURE RATE SWITCH WILL BE SET 1O SINGLE (5).
BUILDING BLOCK U4
Tt 10 15 2 25 30 35 40 45 50 55
i llllIljllllllljlllllllllllllllLlllllllllllllllllllllllllllllllllllllllllllIIlllIlllllllllllllllllll_liljl_lljl
POINTING SUN CENTERED OR OFFSET
REQUIREMENTS

AND REMARKS

® SO52 WILL ONLY OPERATE SUN CENTERED
® 5052, SO54, AND SO82A SEQUENCE WilL STOP AUTOMATICALLY
® THIS 8B WILL ONLY OPERATE UNATTENDED

o \\\ \\\& \\ N \\\\ \ g;‘ Q N \ \\\\ \
SPECT \\\\\\\ X : \ \ \
SO82A \ \\ NN ‘ N N
[ \\\\\ “ N\
5052 \\S N \ \\
ML5
SCAN }{EH——] =55 NOTE. THIS SEQUENCE WILL CONTINUE UNTIL EITHER A GROUND STOP COMMAND
Shect |'———> 1S TRANSMITTED OR UNTIL AUTO STOP OCCURS AT E-SUN TERMINATOR
g ¢ ‘M3 ;
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NOTE: SO55A - o DETECTOR NUMBER WiLL BE SELECTED DURING DEYAIL PLANNING PERIOD UACH MISSION DAY AND COMMANDED

FROM THE GROUND.
MODE SWITCH MUST BE SET IN MLS DURING CLOSEOQUT OF (4D SINCE THERE IS NO COMMAND CAPABILITY FOR MLS

MLS WILL AUTO START AT E-SUN TERMINATOR NEXT ORBIT UNLESS INHIBITED OR UNLESS NEW MODE 1S SELECTED AND
COMMANDED PRIOR TO SUN RISE TERMINATOR.

SO54 - ® ANY FILTER POSITION MAY BE SELECTED, BUT ONLY FILTER NUMBER 1, 2, OR 3 MAY BE GROUND COMMANDED. FILTER NUMBER SELECTED
WILL BE INCLUDED ON CREW PAD FOR C% D UNATTENDED OPERATIONS SET-UP,

EXPOSURE RANGE SWITCH POSITION AND PICTURE RATE SWITCH POSITION WiLL BE DEFINED DURING THE DETAIL PLANNING PERIOD EACH
MISSION DAY AND WiLL BE INCLUDED ON CREW PAD FOR C4D UNATTENDED OPERATIONS SET-UP. FOR UNMANNED OPERATIONS THE
EXPOSURE RANGE SWITCH WILL BE SET TO 256 AND THE PICTURE RATE SWITCH WILL BE SET TO SINGLE (5).
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BUILDING BLOCK U5

4%

e s 5 10 15 0 25 30 35 0 45 50 55
i Lll[lllllllll!lllllllllllljllllllllllll{lllillllllllll|IllllllllllllllIllllllldlhllhllllllllllllllhllll
POINTING
REQUIREMEress | SUN CENTERED OR OFFSET
AR REMARES . ?8?3,“2'523'1‘5005'3;?12?%&2'21@75?swop AUTOMATICALLY
AR RN N \\\\5 A . N
R R . \\\\\ N
50824 Nt \\\‘«\\\\l\\\\;\\ N R \ \ N
72 16.2 N AR NN AN AT A
WIC F exsT SCAN MR \\\S\\\\\\\\\\\\\\§ §\\\\\§\x\\\\\§\\\\\ \\\\‘\\%;\\\5\\§\\\\;\\\
SC NN RN N UM
AN N aaRaa AN
MAR
A DET NOTE  THIS SEQUENCE WILL CONTINUE UNTIL EITHER A GROUND STOP COMMAND
AN IS TRANSMITTED OR UNTIL AUTO STOP OCCURS AT E-SUN TERMINATOR
SC095A GRAT _____ l
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Mits, 5 10 I 20 25 30 35 40 45 )

NOTL: SOS5A - e DETECTOR NUMBER AND GRATING POSITION WiLl B SELECTED DURING DETAIL PLANNING PERIOD EACH MISSION
DAY AND COMMANDED FROM THE GROUND.

® WILL AUTO START AT £-SUN TERMINATOR NEXT ORBIT UNLESS INHIBITED OR UNLESS NEW MODE IS SELECTED AND COMMANDIED
PRIOR TO SUNRISE TERMINATOR,

SO54 - ® ANY FILTER POSITION MAY BE SELECTED, BUT ONLY FILTER NUMSBER 1, 2, OR 3 MAY BE GROUND COMMANDED. FILTER NUMBER SELECTED
WILL BE INCLUDED ON CREW PAD FOR C4 D UNATTENDED OPERATIONS SET-UP.

@ EXPOSURE RANGE SWITCH POSITION AND PICTURE RATE SWITCH POSITION WILL BE DEFINED DURING THE DETAIL PLANNING PERIOD EACH
MISSION DAY AND WILL BE INCLUDED ON CREW PAD FOR C5T UNATTENDED OPERATIONS SET-UP, FOR UNMANNED OPERATIONS THE
EXPOSURE RANGE SWITCH WILL Bf SEYT TO 256 AND THE PICTURE RATE SWITCH WILL BE SET TO SINGLE (5.

BUILDING BLOCK Us

0 5 10 5 50 55
- 15 20 25 30 35 40 4
IMIN)
POINTING
REGUIRFMENTS SUN CFNTERED OR OFFSET
AND PEMARKS ® 5052 WILL ONLY OPERATE SUN CENTERED
® 5052, SO54, AND SOB2A SEQUENCE WiLl STOP AUTOMATICALLY
N N 8 - D
XUV : \\ " N W \:'\\‘\\ \\
NN o RN
e A NIRRT
AN A
72 16.2 \ N
wLC F M \ \
s052 FAST SCAN \ \
N N N
SCAN NOTE: THIS SEQUENCE WILL CONTINUE UNTIL EITHER A GROUND STOP COMMAND
;35(57 1S TRANSMITTED OR UNTIL AUTO STOP OCCURS AT E-SUN TERMINATOR
A
13
¥-RAY Mo
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(MIN) oo
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5
NOTE: SO55A - @ VERIFY THAT DETECTOR 3-7 IS OFF BEFORL OPERATING.

® WILL AUTO START AT E-SUN TERMINATOR NEXT ORBIT UNLESS INHIBITED OR UNLESS NEW MODE 15 SELECTED AND COMMANDED
PRIOR TO NEXT SUN RISE TERMINATOR.

SO54 - ® ANY FILTER POSITION MAY 8¢ SELECTED, BUT ONLY FILTER NUMBER 1, 2, OR 3 MAY BE GROUND COMMANDED. FILTER NUMBER SELECTED
WILL BE INCLUDED ON CREW PAD FOR C4 D UNATTENDED OPERATIONS SET-UP.

* EXPOSURE RANGE SWITCH POSITION AND PICTURE RATE SWITCH POSITION WILL BE DEFINED DURING THE DETAIL PLANNING PERIOD EACH
MISSION DAY AND WILL BE INCLUDED ON CREW PAD FOR CiD UNATTENDED OPERATIONS SET-UP. FOR UNMANNED OPERATIONS THE
EXPOSURE RANGE SWITCH WILL BE SET TO 256 AND THE PICTURE RATE SWITCH WILL BE SET TO SINGLE (5).
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POINTING
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RAESDU:&W:;,‘(TSS sghgégyxltﬁ.DONLY OPERATE SUN CENTERED

® 5052, SO34, AND SO82A SEQUENCE WILL STOP AUTOMATICALLY
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SCAN SELECT MAR I._ﬁ’ﬂ_. NOTE: THIS SEQUENCE WILL CONTINUE UNTIL EITHER A GROUND STOP COMMAND
zgﬁcSTA DET DET l 15 TRANSMITTED OR UNTIL AUTO STOP OCCURS AT E-SUN TERMINATOR
B & 13 A \\ SRR N \\\\\\
x-RaY | F M M S RN \\ W \;\\\\\ . ”\\\\\.\ N -“'\\\‘\\Y\\\
seEcT 5 (MIN) MAXR \\X&\\\\\\\\\i\\\\\\\\ \\\\\\\\§ N \\~ \\\\\
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NOTE: SO55A - o VERIFY GRATING 2-7 IS OFF PRIOR TO GRATING SELECT
¢ THE GRATING SELECT MUST BE PERFORMED OVER GROUND STATION WHERE TM IS AVAILABLE TO VERIFY DESIRED GRATING {S REACHED
® DETECTOR NUMBER WILL BE SELECTED DURING DETAIL PLANNING PERIOD EACH MISSION DAY AND COMMANED FROM GROUND.

® WILL AUTO START AT E-SUN TERMINATOR NEXT ORBIT UNLESS INHIBITED OR ULNESS NEW MODE 1S SLEECTED AND COMMANDED
PRIOR TO NEXT SUN TERMINATOR.

SOS54 - ® ANY FILTER POSITION MAY BE SELECTED, BUT ONLY FILTER NUMBER !, 2, OR 3 MAY BE GROUND COMMANDED. FILTER NUMBER SELECTED
WILL BE INCLUDED ON CREW PAD FOR C%D UNATTENDED OPIRATIONS SET-UP.

¢ EXPOSURE RANGE SWITCH POSITION AND PICTURE RATE SWITCH POSITION WILL 8F DEFINED DURING THE DETAIL PLANNING PERIOD EACH

MISSION DAY AND WILL BE INCLUDED ON CREW PAD FOR (D UNATTENDED OPERATIONS SET-UP. FOR UNMANNED OPERATIONS THE
EXPOSURE RANGE SWITCH WILL BE SET TO 256 AND THE PICTURE RATE SWHTCH WILL BE SET TO SINGLE (S).

BUILDING 8LOCK U8
55
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POINTING SUN CENTERED OR OFFSET

REQUIREMENTS ® SO52 WILL ONLY QOPERATE SUN CENTERED

AND REMARKS ® SO52, SO54, AND SOB2A SEQUENCE Will STOP AUTOMATICALLY
® THIS BB Will ONLY OPERATE UNATTENDED

= Al Il HHHH MHHHDHa Z .nnnma mmm
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MLS
SR ABL—] - 22 NOTE: THIS SEQUENCE WILL CONTINUE UNTIL EITHER A GROUND STOP COMMAND
8

wiC
SO52

1S TRANSMITTED OR UNTIL AUTO STOP OCCURS AT E-SUN TERMINATOR
SO55A
é 13 N \ SN N
;P‘[RéYY F " (ertf) ?:AAX) NN \}\\ AN
5054 o \\\
= N
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NOTE: SO55A -

® DETECTOR NUMBER WILL BE SELECTED DURING DETAIL PLANNING PERIOD EACH MISSION DAY AND COMMANDED FROM THE GROUND.,
* MODE SWITCH MUST BE SET IN MLS DURING CLOSEOUT OF C#D SINCE THERE 1S NO COMMAND CAPABILITY FOR MLS,

* MLS WILL AUTO START AT E-SUN TERMINATOR NEXT ORBIT UNLESS NEW MODE IS SELECTED AND COMMANDED PRIOR TO SUN RISE
TERMINATOR.

SO34 - ® ANY FILTER POSITION MAY BE SELECTED, BUT ONLY FILTER NUMBER 1, 2, OR 3 MAY BE GROUND COMMANDED.
WILL 8E INCLUDED ON CREW PAD FOR C%D UNATTENDED OPERATIONS SET-UP,

¢ EXPOSURE RANGE SWITCH POSITION AND PICTURE RATE SWITCH POSITION WILL BE DEFINED DURING THE DETAIL PLANNING PERIOD EACH
MISSION DAY AND WILL BE INCLUDED ON CREW PAD FOR C4D UNATTENDED OPERATIONS SET-UP. FOR UNMANNED OPERATIONS THE
EXPOSURE RANGE SWITCH WILL BE SET TO 256 AND THE PICTURE RATE SWITCH WILL BE SET TO SINGLE {S).

FILTER NUMBER SELECTED
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BUILDING BLOCK U9
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POINTING
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o 5052, SO54, AND SOB2A SEQUENCE WILL STOP AUTOMATICALLY
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RN QNN RS
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SCAN ofT 5.5 M NOTE THIS SEQUENCE WILL CONTINUE UNTIL EITHER A GROUND STOP COMMAND

PECT b orar __— [ 1S TRANSMITTED OR UNTIL AUTO STOP OCCURS AT E-SUN TERMINATOR
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NOTE: SOS5A - @ DETECTOR NUMBER AND GRATING POSITION WILL BE SELECTED DURING DETAIL PLANNING PERIOD EACH MISSION DAY
AND COMMANED fROM THE GROUND

© WILL AUTO START AT E-SUN TERMINATOR NEXT ORBIT UNLESS INHIBITED OR UNLESS NEW MODE IS SELECTED AND
COMMANDED PRIOR TO TERMINATOR

SO54 - ® ANY FILTER POSITION MAY BE SELECTED, BUT ONLY FILTER NUMBER ), 2, OR 3 MAY BE GROUND COMMANDED. FILTER NUMBER SELECTED
WILL BE INCLUDED ON CREW PAD FOR C4 D UNATTENDED OPERATIONS SET-UP.

® EXPOSURE RANGE SWITCH POSITION AND PICTURE RATE SWITCH POSITION WILL BE DEFINED DURING THE DETAIL PLANNING PERIOD EACH

MISSION DAY AND WILL BE INCLUDED ON CREW PAD FOR C4D UNATTENDED OPERATIONS SET-UP. FOR UNMANNED OPERATIONS THE
EXPOSURE RANGE SWITCH Witt BE SET TO 256 AND THE PICTURE RATE SWITCH WILL BE SET TO SINGLE (5.

BUILDING BLOCK U10

- 0 5 10 15 20 25 10 35 40 a5 50 55
S I|Iljljllllllllll‘lllllllll]IIllllilllllJllllllllll]lllllll‘llllllllllllllil lllllllhhll‘lllll|||1||lll|lxh
POINTING
REQUIREMENTS SUN CENTERED OR OFFSIH]
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» SO52, SO54, AND SO82A SEQUENCE Will STOP AUTOMATICALLY
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XUV F M
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72 R
wie BF
5052 FAST SCAN
MAR I
JCAN DET ' ssm NOTE: THIS SEQUENCE WILL CONTINUE UNTIL EITHER A GROUND STOP COMMAND
gpofsc;A GRAT ___ 1S TRANSMITTED OR UNTIL AUTO STOP OCCURS AT E-SUN TERMINATOR
8 3 R
M
el Ht \
SO54 o
r{monN 1 N T RS 3 .
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NOTE: SO55A - o DETECTOR NUMBER AND GRATING POSITION WILL BE SELECTED DURING DETAIL PLANNING PEROD EACH MISSION DAY
AND COMMANDED FROM THE GROUND.

® WILL AUTO START AT E-SUN TERMINATOR NEXT ORBIT UNLESS NEW MODE IS SELECTED AND COMMANDED PRIQR TO
SUNRISE TERMINATOR.

5054 - ® ANY FILTER POSITION MAY BE SELECTED, BUT ONLY FILTER NUMBER 1, 2, OR 3 MAY BE GROUND COMMANDED. FILTER NUMBER SELECTED
WILL BE INCLUDED ON CREW PAD FOR C4D UNATTENDED OPERATIONS SET-UP.

o EXPOSURE RANGE SWITCH POSITHON AND PICTURE RATE SWITCH POSITION WILL BE DEFINED DURING THE DETAIL PLANNING PERIOD EACH
MISSION DAY AND WILL BE INCLUDED ON CREW PAD FOR C&D UNATTENDED OPERATIONS SET-UP, FOR UNMANNED OPERATIONS THE
EXPOSURE RANGE SWITCH WILL BE SET TO 256 AND THE PICTURE RATE SWITCH WILL BE SET TO SINGLE (5).
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FOINTING SUN CENTERED OR OFFSET
REQUIREMENTS * SO52 WILL ONLY OPERATE SUN CENTERED
AND REMARKS ® 5052, SO54, AND SO82A SEQUENCE WILL STOP AUTOMATICALLY
® THIS BB WILL ONLY OPERATE UNATTENDED
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SCAN 40 MS NOTE: THIS SEQUENCE WILL CONTINUE UNTIL EITHER A GROUND STOP COMMAND
SPECT DET ___ 1S TRANSMITTED OR UNTIL AUTO STOP OCCURS AT E-SUN TERMINATOR
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NOTE: SO55A - & DETECTOR NUMBER AND GRATING POSITION WILL BE SELECTED
AND COMMARNDED FROM THE GROUND.

DURING DETAIL PLANNING PERIOD EACH MISSION DAY

* WILL AUTO START AT E-SUN TERMINATOR NEXT ORBIT UNLESS INHIBITED OR UNLESS NEW MODE 1S SELECTED AND

COMMANDED PRIOR TO SUNRISE TERMINATOR.

SO54 - & ANY FILTER POSITION MAY BE SELECTED, BUT ONLY FILTER NUMBER 1, 2, OR 3 MAY BE GROUND COMMANDED. FILTER NUMBER SELECTED
WILL BE INCLUDED ON CREW PAD FOR C&D UNATTENDED OPERATIONS SET-UP,

® EXPOSURE RANGE SWITCH POSITION AND PICTURE RATE SWITCH POSITION WILL BE DEFINED DURING THE DETAIL PLANNING PERIOD EACH
MISSION DAY AND WILL BE INCLUDED ON CREW PAD FOR CiD UNATTENDED OPERATIONS SET-UP. FOR UNMANNED OPERATIONS THE

EXPOSURE RANGE SWITCH WILL BE SET TO 256 AND THE PICTURE

3

RATE SWITCH WILL BE SET TO SINGLE (5).
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NOTE: SOS55A - o THE GRATING SELECT MUST BE PERFORMED OVER GROUND STATION WHERE TM IS ABAILABLE TO VERIFY DESIRED GRATING IS REACHED.

o DETECTOR NUMBER WILL BE SELECTED DURING DETAIL PLANNING PERIOD EACH MISSION DAY AND COMMANDED FROM 8ROUND.

& WiLL AUTO START AT E-SUN TERMINATOR NEXT ORBIT UNLESS (NHIBITED OR UNLESS NEW MODE IS SELECTED AND
COMMANDED PRIOR TO NEXT SUN TERMINATOR.

* MODE SWITCH MUST BE SET IN STOP DURING UNATTENDED C4D CLOSEOUT. NO STOP MODE COMMAND CAPABILITY.

SOS4 - ® ANY FILTER POSITION MAY BE SELECTED, BUT ONLY FILTER NUMBER 1, 2, OR 3 MAY BE GROUND COMMANDED. FILTER NUMBER SELECTED

WILL BE INCLUDED ON CREW PAD FOR C5D UNATTENDED OPERATIONS SET-UP.

o EXPOSURE RANGE SWITCH POSITION AND PICTURE RATE SWITCH POSITION WILL BE DEFINED DURING THE DETAIL PLANNING PERIOD EACH

MISSION DAY AND WILL BE INCLUDED ON CREW PAD FOR C&D UNATTENDED OPERATIONS SET-UP. FOR UNMANNED OPERATIONS THE
EXPOSURE RANGE SWITCH WILL BE SET TO 256 AND THE PICTURE RATE SWITCH WILL BE SET TO SINGLE (S).
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3.2.3 Earth Resources Experiment Package

Refer to Appendix B.
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3.2.4 Corollary Experiments
. 3.2.4.1 General

The corollary group of experiment DTO's have been designated as
those experiment DTO's which are not medical, ATM or EREP experiments, or
student investigations.

3.2.4.2 Corollary DT0's
The corollary experiments assigned to the SL-3 mission are:
D024* Thermal Control Coatings
M487 rdabitability/Crew Quarters
M509 Astronaut Maneuvering Equipment
M516 Crew Activities/Maintenance Study
S019 UV Stellar Astronomy
S063 UV Airglow Horizon Photography

S071/ Circadian Rhythm - Pocket Mice/Vinegar Gnats
S072

S149 Particle Collection
S183 UV Panorama

S230 Magnetospheric Particle Composition
‘ TO02**  Manual Navigation Sightings (B)
TOO03 In-Flight Aerosol Analysis

TO13* Crew/Vehicle Disturbances
T020 Foot Controlled Maneuvering Unit

T027/ Contamination Measurement and Gegenschein/Zodiacal Light
S073

The corollary DTQ's are presented in alphanumeric order on the
following pages.

* Candidate experiment for mission SL-3 - refer to paragraph 2.3.4.1.1(b).

** To be performed at the convenience of the crew and on a non-interference
basis with the other experiments.
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Experiment D024* THERMAL CONTROL COATINGS

Obtain thermal radiation data on a
variety of coating materials.

Purpose and Background

The purpose is to determine the effects of space environment on
selected thermal control coatings and polymeric film, to calibrate earth
based laboratory test data, and to gain new insight to the mechanisms of
degradation.

Four sample panels, two with 36 disks each of various thermal control
coatings and two with 32 strips each of polymeric film, will be returned
from space orbit to be analyzed. Two sample panels, one of each type, will
be returned by SL-2. The remaining two sample panels may be retrieved on
either SL-3 or SL-4 to evaluate the ability of these materials to withstand
long duration exposure to a space environment. Measured spectral reflec-
tance, transmittance, physical, and electrical data obtained from samples
exposed to the space environment will be compared to earth based laboratory
test data.

Functional Objectives

® Determine the effects of long duration (approximately 140 days) expo-
sure to the space environment on selected thermal control coatings and
polymeric film.

FO 1) Retrieve two sunlight exposed D024 experiment panels from the
Airlock Module (AM) external structure during an Apollo Telescope
Mount (ATM) extravehicular activity (EVA).

Performance Requirements

a) Baseline Requirement

FO 1)  Two D024 experiment panels, one of each of the two types, will be
retrieved during an ATM EVA.

b) Minimum Scheduling Requirement

FO 1) Defer retrieval of the panels until mission SL-4.
c) Performance Redline

FO 1) None

Performance Conditions

FO 1) The D024 sample panels will be exposed to sunlight the maximum
amount of time that the flight schedule will allow.

An EVA astronaut will inspect and retrieve two D024 sample
panels (one of each type described above) during an ATM EVA in
accordance with procedures contained in the appropriate checklist.

* Candidate experiment for this mission - refer to paragraph 2.3.4.1.1(b).
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D024

The D024 sample panels will be placed in the material return
container which will be sealed during retrieval and checked prior
to repressurizing the AM airlock.

The material return container must be provided to the Principal
Investigator unopened within four days of recovery. The sample
panels must not be exposed to the atmosphere prior to delivery
to the Principal Investigator.

In-Flight Data

a) Telemetry - Time correlated Orbital Assembly position data (accurate
to the nearest minute of time and nearest degree of angle) relating
three-axis vehicle attitude with respect to sun vector during the
duration of D024 specimen exposure to the space environment will be
required to support D024 evaluations.

b) Crew Voice Comments - The EVA crewman retrieving the D024 sample
panels will voice record comments regarding disk orientation, the
general condition of the samples and panels prior to removal of
the panels from the mounting plates, the removal and stowage of
the return container, condition of the return container, seal and
latches, and verification that the return container is latched and
sealed prior to repressurizing the airlock.

c) Log Books - None

d) Photographs - Operational 16-mm photographs of the D024 portion of
the EVA

e) Return Payload - Experiment D024 material return container with
one panel of 36 thermal control coating disks and one panel of
32 polymeric film strips. (Note: The film in support of D024 is

included in the operational film budget as opposed to being part
of the D024 return payload.)

For additional details, refer to Appendix A.
Evaluation

Refer to Pre- and Post-Mission Scientific Data Analysis and Reporting
Plan for MSFC Skylab Experiments.
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Experiment M487 HABITABILITY/CREW QUARTERS

Obtain data on Orbital Assembly
habitability.

Purpose and Background

The purpose is to gather data on the habitability features of the
Orbital Assembly (OA) which will be used in the evaluation of Skylab con-
cepts as they relate to the design of future manned spacecraft.

Skylab habitability provisions will be evaluated by the crew as a
function of their everyday 1iving and working interactions with the
environment, systems, and equipment in the various OA habitable areas.
The habitability evaluations will involve assessments of the following
nine elements: environment, architecture, mobility and restraints, food
and water, garments and personal accouterments, personal hygiene, house-
keeping, communications, and off-duty activities.

Functional Objectives

® Determine the habitability of the OA from crewmen subjective evalua-
tions as a function of in-flight experience.

FO 1) Obtain individual crewman subjective data relative ( 5% - FO 1)

thru to OA habitability. (10% - FO 2)
FO 3) (15% - FO 3)
FO 4) Obtain group discussion subjective data relative (7.5% each
thru to OA habitability. FO)

FO 7)

® Determine environmental habitability of the OA from instrument
measurements.

FO 8) At moments of opportunity, obtain environmental (10%)
measurements as required to support subjective
impressions.

® Determine the habitability of the OA from photographs of selected
in-flight activities.

FO 9) Obtain photographs of specific crew activities. (3% each
thru FO)
FO 18)

Performance Requirements

a) Baseline Requirement

FO 1) Data will be acquired by each crewman during early (FO 1), mid
thru (FO 2), and late (FO 3) mission.

FO 3)

FO 4) Group discussion data will be acquired once in each two-week
thru) period during the mission.

FO 7
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M487

FO 8) At moments of opportunity throughout the mission, crewmen at .
their discretion will record environmental data.

FO 9) Crew operations will be photographed throughout the mission as

Egr?s) shown in the table for Experiment M487 Photographic Requirements.
b) Minimum Scheduling Requirement

FO 1) None

FO 2) None

FO 3) Same as the baseline requirement

FO 4) None

FO 5) Same as the baseline requirement

FO 6) None

FO 7) Same as the baseline requirement

FO 8) None

FO 9) Same as the baseline requirement

FO 10) None

FO 11) Same as the baseline requirement

FO 12) Same as the baseline requirement

FO 13) None

FO 14) Same as the baseline requirement

FO 15) Same as the baseline requirement

FO 16) None

FO 17) Same as the baseline requirement

FO 18) Any time in the mission
c) Performance Redline

FO 1) 18D

thru

FO 18)

Performance Conditions

FO 1) At scheduled times and moments of opportunity, the crew will
thru document habitability features of the OA per procedures contained
FO 18) in the appropriate checklist.

Time phased periods of data recordings distributed throughout

the mission will be required to catalog crewman adaptability as a

function of time. Each data recording should include comments

on each of the defined areas of interest, covering all aspects

including adequacy, utility, comfort, safety, and suggestions for
improvement. '
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FO 1)
thru
FO 3)

FO 1)
FO 2)
FO 3)

FO 1)
thru
FO 7)

FO 1)
thru
FO 3)
and

FO 9)
thru
FO 18)

FO 4)
thru
FO 7)

FO 8)

M487

Data from each of the FO's are related to establish objective
baselines for comparison with the subjective evaluations of the
crew for both preflight and in-flight operations.

In those cases where non-nominal situations occur with respect
to some element of habitability, real-time assessments will be
made by the PI concerning the format and quantity of data desired.

The crewmen will use a 3-part subjective evaluation format in
the onboard M487 experiment checklist. The individual crewmen
will apply unique 5-point subjective evaluations to (but not
limited to) the following:

a) Work compartments and associated support equipment
b) Living compartments and associated support equipment
c) Equipment use frequency

Individual crewman subjective data acquisition periods will be
scheduled at convenient and available, but different, times for
different crewmen.

The crewmen will voice record Experiment M487 subjective data in
the absence of other crewmen.

Part 1 of the subjective evaluation format will be used in the
early part of the mission.

Parts 2 and 3 of the subjective evaluation format will be used
in the mid part of the mission.

Parts 1, 2, and 3 of the subjective evaluation format will be
used in the late part of the mission.

Individual crewman and group debriefing data acquisition periods
will not be scheduled on the same mission days.

Early, mid, and late mission are defined as follows:

a) Early mission - prior to mission day 14 (inclusive)
b) Midmission - mission day 28(+7)

c) Late mission - after mission day 42 (inclusive)

The crew will use four questionaire forms (unique for each
debriefing) provided in the onboard M487 experiment checklist.

A1l three crewmen will participate in a voice recorded group
discussion.

When possible, the experiment debriefings will coincide with
operational debriefings.

Voice recorded crew discretionary measurements of environmental
parameters will support this task.

3-155



M487

Measurements of environmental features will be made with
Experiment M487 hardware and support equipment which includes
sensors/devices for measuring ambient air temperature, dewpoint
temperature, surface temperatures, air velocity, sound pressure
level and frequency distribution, reflective illumination,
locational dimensions, and push/pull force.

Voice recorded readouts and telemetry of onboard OA housekeeping
data will support this experiment.

FO 9) Certain repetitive crew operations will be photographed early,
thru mid, or late in the mission.

FO 18) Candidate operations for Experiment M487 photography are shown

in the following M487 Table of Photographic Requirements.

Voice recorded objective and subjective comments by the crew
will be required to support these data.

When possible, the experiment tasks will augment or coincide
with operational activities to be observed.

Experiment M487 photography will require 400 feet of 16-mm color
film.

Scheduled real-time and video-recorded operational television of
onboard activities are desired as a supplement to designated
activities to be photographed.

Photographs from other mission operations and experiments are
required to support this experiment.

In-Flight Data

a) Telemetry - Time correlated OWS housekeeping environmental
measurements

b) Crew Voice Comments - Individual and group evaluation comments
related to questions and evaluation forms provided, comments
related to photographs, readouts of Experiment M487 and supporting
measurement hardware, onboard support data, and onboard house-
keeping data.

c) Log Books - As required to support the various Experiment M487
tasks and experiment philosophy

d) Photographs - One 400-foot cassette of 16-mm film
e) Return Payload - 16-mm film.

For additional details, refer to Appendix A.
Evaluation

Refer to Pre- and Post-Mission Scientific Data Analysis and Reporting
Plan for MSFC Skylab Experiments.

3-156




M487

00¥ o€l Gl 9 PLW A4jueqd bui3203say 8l
0/¢ Gl S 2 Ije] uorzedadp Y20[JaLy Ysed] Ll
GG2 Gl g 2 PLW uotjeuddp YOoO[4Ly yseal [ 91
02 Gl g 2 K ae3 uotjeuadp Yo0|4Ly ysed] Gl
3WO(J UL SUDBUADS
§¢¢ o€ oL e 93 aaquey) Burxip 0 burues)) 1At
aWoQ UL SU33UIS
G61 0¢ 0l 2 PLW Jaquey) buixip Jo butuea|)y | €1
aWog UL SUs3audg
691 0¢ oL 2 Alae] Jaquiey) bulxip 40 burueal) Al
GelL 17 g 9 aje (Auy) esy Jo buLje3 LL
06 Gt g 9 PLW (Auy) Leapy 40 Burje3 ol
Gt G g 9 Klae3 (Auy) peaW 30 butjze3 6
pasn pasn (S83NnULNW) (sds) awl| 108lqng 04
1994 31934 Ty ajey UOLSSLKW
Le3o} BuLuuny awea

sjuawad Lnbay otydedubojoyd 4o ajqel

LBYW

3-157



Experiment M509 ASTRONAUT MANEUVERING EQUIPMENT

Test and evaluate new maneuvering
concepts to enhance future orbital
extravehicular activity.

Purpose and Background

The purpose is to demonstrate man's maneuverability while obtaining
data and experience on man and Astronaut Maneuvering Unit (AMU) performance
in a zero-gravity environment. The data and experience gained will be
used to improve analysis techniques and ground based simulators, and to
project future AMU design requirements and mission capabilities. The
flying characteristics of four different AMU control concepts are provided
by an Astronaut Maneuvering Research Vehicle (AMRV) with four operating
modes. Crewmen pilots will fly various EVA type maneuvering tasks inside

the Orbital Workshop (OWS) to test and evaluate each operating mode des-
cribed as follows:

a) Hand Held Maneuvering Unit (HHMU) Mode - This mode will evaluate
man's maneuvering capability with a simple, small, Tightweight,
completely manual, hand-held propulsion device.

b) Direct Mode .- This mode will be similar to the HHMU in that the
astronaut will be completely dependent upon visual cues but
differs in that multiple fixed-position thrusters will be used to
provide translation and rotation forces about a fixed hody axis
system through separate (Apollo type) hand controllers.

c) Rate Gyro Mode - This mode will employ the same thruster confi-
guration and performance characteristics as the direct mode but
will have proportional rate command and automatic attitude hold.

d) Control Moment Gyro (CMG) Mode - This mode will be similar to the
rate gyro mode except that attitude control will be provided
through momentum exchange instead of mass expulsion. A unique
torque balance type CMG will be used which both senses rates and
provides actuation moments.

Functional Objectives

® Demonstrate AMU flying qualities and piloting capabilities. Test and
evaluate the AMU systems in a zero-g environment.

FO 1) A crewman will perform various familiarization and (15%)
mission maneuver tests to evaluate all four AMRV operating
modes. Total flying time required is 50 minutes.

FO 2) The same crewman will repeat some of the familiarization (25%)
and mission maneuvers (from FO 1) and undertake some
exploratory maneuvers to evaluate all four operating
modes. Total flying time required is 1 hour 10 minutes.

FO 3) The same crewman will repeat many of the previous (40%)
maneuvering tests (from FO 1 and FO 2) to evaluate all
four modes while wearing a pressurized suit. Total
flying time required is 1 hour 20 minutes.
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FO 4)

M509

The same crewman will repeat some of the mission (20%)
maneuvers and complete the exploratory maneuvering

tests (from FO 1 and FO 2). Total flying time re-

quired is one hour.

Performance Requirements

a)

FO 1)
thru
FO 4

)

thru
FO 3

FO 4
c)
FO 1)

FO 2
thru
FO 4)

)
b
FO 1)
)
)

Baseline Requirement

One crewman will perform the four runs for a total of 4 hours and
20 minutes flight time.

Minimum Scheduling Requirement
Same as the baseline requirement

None
Performance Redline
One crewman will perform an unsuited set of maneuver tests.

None

Performance Conditions

FO 1)
FO 2)
FO 4)

FO 3)

FO 1)

The crewman will wear shirtsleeve-type clothing.

The crewman will wear a pressurized spacesuit with the Astronaut
Life Support Assembly. (ALSA) and the Life Support Umbilical (LSU).
Voice communication will be carried on by the pilot via the LSU.
Experiment M509 will have priority over Experiment 7020 (Foot
Controlled Maneuvering Unit) for the use of the available
Secondary Oxygen Pack with the highest pressure.

Four experiment runs will be conducted. Two crewmen will per-
form the experiment operations, one serving as the test pilot
while the other serves as the observer.

The observer will operate/load the cameras, cue the test pilot
on the test procedures, and analyze and describe the test pro-
gress via voice communications. The observer will be on voice
communication at all times.

Detailed maneuver elements and times for the four operating modes
are contained in the Crew Checklist.

Nominally, 40 hours will be required between experiment runs to
recharge the batteries. The minimum time between runs based on
Saturn Workshop (SWS) atmosphere management considerations will
depend on run time, gas used, modes used, SWS leakage rate, and
crew ECS procedures.
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In-Flight

M509

The T027 extension mechanism shall not be installed in the anti-
solar SAL during M509 experiment operations. This constraint is
due to the proximity of the extension mechanism to the M509
maneuvering volume when installed in the anti-solar SAL.

Intentional OWS maneuvers shall not be performed during experi-
ment operation except for any required ATM CMG gravity gradient
momentum dumps.

During experiment operations when in X-10P/Z, the maximum allow-
able spacecraft angular rates will be 0.03°/sec about the Y and
Z axes and 0.1°/sec about the X axis. When in Z-LV(E), the
maximum allowable spacecraft angular rates will be 0.03°/sec
about the Z axis and 0.1°/sec about the X and Y axes.

It is highly desirable that the air velocity in the OWS forward
compartment not exceed 15 feet per minute during experiment
operations.

The start of the first experiment run should be scheduled to
maximize real-time monitoring of experiment operations.

The Principal Investigator or his representative will be present
at the Mission Control Center - Houston (MCC-H) to assess experi-
ment progress and to consult with the flight control team or
Crew as required.

Data

a)

b)

d)

Telemetry - A11 M509 telemetry (for FO 1 thru FQ 4) and biomedical
instrumentation (for FO 3 only) will be recorded on the Airlock
Module recorder for subsequent dumping to the ground at scheduled
intervals per the Flight Plan.

During each experiment run, some data will be flagged for pro-
cessing at the MCC-H for postpass performance analysis.

OWS cabin pressure and vehicle rates will be transmitted to the
ground during experiment operations for quick-Took evaluation.

Crew Voice Comments - Comments made by test pilot and observer
during and immediately after each experiment run will be tape
recorded and dumped at scheduled intervals per the Flight Plan.

Log Books - Several sheets of the Crew Checklist will have
provisions for crew annotation.

Photographs - Complete photographic coverage of all experiment
maneuvers will be obtained as part of Experiment M509.

Experiment M151 (Time and Motion Study) will photograph M509
recharging, donning, and doffing operations. Experiment M516
(Crew Activities/Maintenance Study) will photograph M509 launch
unstowage and mass handling operations (unless these operations
were accomplished during the SL-2 mission).
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M509

e) Return Payload - Five 400-foot cassettes of 16-mm film. (Note:
One-half of one of the 400-foot cassettes of 16-mm film will be
used vy tExperiment T020.)

For additional details, refer to Appendix A.

Evaluation
Refer to MSC-03022, Scientific Data Analysis and Reporting Plan.
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Experiment M516 CREW ACTIVITIES/MAINTENANCE STUDY

Obtain data on Skylab man/machine
interfaces to validate design criteria.

Purpose and Background

The purpose is to gather data which will allow validation of Skylab
man/machine interface criteria in order to establish a data base for
future manned spacecraft design. Representative samples of crew activi-
ties, including operational tasks, experimental tasks, housekeeping tasks,
scheduled and unscheduled maintenance tasks, and a hardware disassembly/
reassembly demonstration (SL-4 only) will serve as data sources.

Previous space programs have provided very limited data concerning
man's capability to perform physical work in a weightless space environ-
ment. Data concerning the crew's ability to use tools and assemble and
disassemble equipment (manual dexterity), to maneuver inside the space-
craft (locomotion), and to handle and transfer masses of various sizes
(mass handling and transfer) have been limited on previous space flights
because of small volume space vehicles and short duration missions. The
Skylab Program, which will involve long-term living and working in a
zero gravity space environment, will produce considerable data useful to
the planners and designers of future manned missions and spacecraft.

Functional Objectives

® Determine man/machine interface criteria from photographs of selected
in-flight activities. ’

FO 1) Obtain photographs of specific crew activities. (15% - FO 1
thru thru FO 6)
FO 7) (10% - FO 7)

Performance Requirements

a) Baseline Requirement

FO 1) Certain crew operations will be photographed throughout the
thru mission as shown in the following M516 Table of Photographic
FO 7) Requirements.

b) Minimum Scheduling Requirement

FO 1) Same as the baseline requirement
FO 2) None

FO 3) Same as the baseline requirement
FO 4) None

FO 5) Same as the baseline requirement
FO 6) None

FO 7) Same as the baseline requirement

c) Performance Redline

FO 1) TBD

thru

FO 7)
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Performance Conditions

FO 1) At scheduled times and moments of opportunity, the crew will
thru document man/machine interface data per procedures contained in
FO 7) the appropriate checklist.

Voice recorded objective and subjective comments by the crew
will be required to support these data.

Candidate mission operations for Experiment M516 photography are
shown in the following M516 Table of Photographic Requirements.

Experiment M516 photography will require 400 feet of 16-mm color
film.

Scheduled real-time and video-recorded operational television of
onboard activities are desired as a supplement to designated
activities to be photographed.

Photographs from other mission operations and experiments are
required to support this experiment.

FO 1) Certain crew operations will be photographed early, middle, or

thru late in the mission. These times are defined as follows:
Eg ?g’ a) Early mission - prior to mission day 14 (inclusive)

b) Midmission - mission day 28(+7)
c) Late mission - after mission day 42 (inclusive)

FO 6) If Experiment M509 (Astronaut Maneuvering Equipment) unstowage
was completed on Mission SL-1/SL-2, the 70 feet of film allo-
cated for FO 6 will be used to photograph selected unscheduled
maintenance activities.

If Experiment M509 unstowage was partially completed on Mission
SL-1/SL-2, the activities associated with final Taunch restraint
release and backpack repositioning will be photographed using

30 feet of film at two frames per second. The remaining 40

feet of film will be used to photograph selected unscheduled
maintenance activities.

Principal Investigator coordination will be required for selection
of unscheduled maintenance activities to be photographed.

In-Flight Data
a) Telemetry - None

b) Crew Voice Comments - Crew comments for all photographed tasks,
and also for any crew discretionary recordings concerning the
subjects of manual dexterity, locomotion, and mass handling and
transfer
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c) Log Books - As required to support the Experiment M516 tasks
and experiment philosophy

d) Pnotographs - One 400-foot cassette of 16-mm film
e) Return Payload - 16-mm film
For additional details, refer to Appendix A.
Evaluation
Refer to MSC-03022, Scientific Data Analysis and Reporting Plan.
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Experiment S019 UV STELLAR ASTRONOMY

Obtain moderate and low dispersion
spectra of stellar objects.

Purpose and Background

The purposes_ are: to obtain moderate dispersion stellar spectra
ranging from 30008 to 1400K with sufficient wavelength resolution to per-
mit the study of ultraviolet (UV) 1ine spectra and of spectral energy
distributions of early type stars; and b) to obtain low dispersion UV
spectra in a number of Milky Way starfields and in nearby galaxies.

The spectral data will permit detailed physical analysis of the UV
radiations of hundreds of individual stars, nebulae, and of the inter-
stellar dust. This large selection of stellar subjects will provide
the statistical data for comparison against existing theoretical models.
A special emphasis is being placed on a search for previously unsuspected
anomalies in the physics of stars and the interstellar dust.

From this spectral data, it will be possible to measure the existence
and relative intensity of absorption and emission lines. The spectral in-
formation will provide insight into the origin and composition of the
stars, emission nebulae, and the interstellar dust. The temperature, pres-
sure, and size of the star's atmosphere will be determined from the spectral
data. Changes in temperature and pressure will indicate the nature of the
star's energy, or luminosity. These environmental determinations will
provide added information on the age, 1ife span, nature of the mass ejection
mechanisms, processes of star formation, and evolution of stars.

Functional Objectives

® Obtain moderate dispersion spectra of early type stars and low dis-
persion spectra of Milky Way starfields and nearby galaxies.

FO 1) Obtain selective UV photographs of as many designated (8%
thru starfields as possible on darkside passes. each
FO 12) FO)

Performance Requirements

a) Baseline Requirement

FO 1) One hundred fifty photographs of selected starfields

thru are required. Twelve photographic periods (FO 1 thru FO 12)

FO 12)  will be scheduled during night side passes of 32 minutes
average duration. Photographic periods of less than 32
minutes duration are acceptable, provided the lost time is
made up during other nightside passes of greater than 32
minutes duration or by scheduling photographic periods during
additional nightside passes.

b) Minimum Scheduling Requirement

FO 1) Eight photographic periods (FO 1 thru FO 8) during night side
thru passes of 32 minutes average duration are required.
FO 12)
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c)

FO 1)
thru
FO 12)

S019

Performance Redline

Continue to schedule toward the minimum scheduling requirement.

Performance Conditions

FO 1)
thru
FO 12)

The potential starfields to be photographed will be updated by
computer based upon exact orbital conditions of the Orbital
Workshop (OWS). The updated starfields and pointing coordinates
(mirror tilt and rotation angles, etc.) will be supplied to the
crew 24 hours prior to the experiment session.

To maximize the scientific return of this experiment, it is highly
desirable that within the constraint of the 150 exposures, the
astronaut be allowed as much flexibility in his choice of star-
fields and exposure times as possible. It is highly desirable

to have two separate observing periods with an interval of at
least five days.

The spectrograph (consisting of a film canister, optical canister,
and mirror system) will be assembled into a unit and mounted in
the anti-solar Scientific Airlock (SAL) and the mirror oriented
toward the target starfield per procedures contained in the ap-
propriate checklist.

The duration of any given exposure will be within 10 percent of
its programmed duration.

Programmed exposure times are 30, 90, and 270 seconds. The
starfield brightness will determine which combinations of ex-
posure times are used. In some cases only two exposures may

be required, in other cases three may be required, and when the
stability of the OWS permits (i.e., where the OWS has a rate of
1/2 arc second/second or less and the direction is within 45 de-
grees of the direction of dispersion) a fourth exposure without
the use of the spectral widening mechanism may be desirable.

Pre-exposure attitude knowledge of the Orbital Assembly (OA) to
within 2.5 degrees (in the stellar inertial reference system) will
be required in order to allow the operator to locate designated
target starfields.

To acquire high priority starfields in the field-of-view (FOV)
it may be necessary to roll the OA up to +10 degrees about the
X-axis. This maneuver will be performed one time only during

a night side pass of at least 32 minutes, when there is a crew-
man at the ATM console and when it causes no interference with
other experiments. This 10-degree roll maneuver and any roll
maneuver allocated to any other DTO using the SO19 hardware will
not be conducted on consecutive passes.

The experiment should be performed when the moon is less than half
illuminated and when the OA is in an inertially stable mode,
e.g., Solar Inertial Attitude (X-I10P/Z).
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The mirror should be extended just before sunset and retracted
just after sunrise.

To minimize exposure time to radiation, the film canister mus t
be demounted and stowed in the film vault between observing
periods separated by more than 12 hours. It is permissible to
have the remainder of the experiment in the airlock during this
period if the cover is placed on the optical canister and the
assembly is vented to space. A total exposure duration to the
ambient radiation environment that will exist when out of the
film vault shall not exceed 96 hours for the film canister,

If it is necessary to remove the experiment from the airlock, all
experiment eauipment (mirror system, optical canister, and film
canister) must be evacuated to 1 torr or less. Evacuation is to
begin as soon as possible after experiment disassembly and in no
case should the time to begin evacuation exceed 30 minutes.

The UV optical components in the interior of the experiment
hardware will be protected by storing in an evacuated condition.
Exposure to cabin atmosphere should be limited to a short time
interval during installation into the SAL and again at removal.

Ambient temperature conditions are tolerable for the duration of
experiment operation periods.

The film canister stowed in its Flight Stowage Container will be
transferred to the Command Module prior to SL-3 separation at

such a time as to be compatible with the constraint that the

film canister shall not be out of the OWS film vault for more

than a cumulative total of 96 hours from initial removal of the
film from the film vault to the time of spacecraft separation. A1l
other experiment hardware will remain stowed as for launch.

Experiment M509 (Astronaut Maneuvering Equipment), T020 (Foot
Controlled Maneuvering Unit), and T013 (Crew/Vehicle Disturbances)
must not be operated while S019 equipment is installed in the SAL.

During experiment operation the following Tighting conditions
will be required:

a) A1l OWS interior lights with the exception of those listed
in the appropriate checklist must be turned off five minutes
before the beginning of the experiment operation period and
remain off throughout the entire period. A1l ports or
windows from any remaining lighted portion of the OA will be
covered to prevent light (1<5000R8) from scattering into
the spectrograph.

b) Onboard pen Tights, with red filters designed for use
during SO19 operation, are acceptable without restriction.

c) ATl exterior vehicle running lTights will be turned off.

Thruster Attitude Control Subsystem (TACS) firings will be
minimized when the mirror system is extended. There will be no
Service Module Reaction Control Subsystem firings when the mirror
system is extended.
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Moisture must not be allowed to condense on the SO19 mirror
system.

Venting from the following controllable external OA vents will be
completed 30 minutes prior to and avoided during the performance
of experiment photographic sequences:

a) SWS blowdown or cabin atmosphere vent

b) AM EVA vent

c) CSM RCS

d) AM condensate system vent (contingency)

e) CSM vents from steam duct, urine dump, and waste water dump

External OA venting from the following operations will be completed
15 minutes prior to and avoided during the performance of experi-
ment photographic sequences:

a) M092
b) MI71

The quality of the spectra (i.e., the wavelength resolution) pro-
duced by this experiment depend critically on the spacecraft rates
and spacecraft stabilization. Uniform rates (i.e., relatively
constant over a period of 1 minute) are acceptable and of no
concern up to magnitudes of 1 arc sec/sec. Rates between 1 and

10 arc sec/sec are acceptable; uniform rates in excess of 10 arc
sec/sec are unacceptable.

High frequency (approximately 1 hertz and greater) deviations
(harmonic oscillations or random noise) are acceptable so Tong
as the 1 sigma amplitude of angular displacement does not exceed
20 arc seconds. '

Excursions resulting from random transitory events, such as crew
motion are acceptable without Timitation or magnitude so long as
the interval between such events exceed 2 minutes. More frequent
excursions of this nature are acceptable only if the 1 sigma
amplitude of the excursion is 20 arc seconds or less.

Crew motions are to be kept to a minimum during SO19 exposures.
Scheduling of crew activities which may cause spacecraft movement
(e.g., transfer of heavy equipment, exercises which require the
crew to push off from the spacecraft walls, etc.) are to be
avoided during SO019 operation periods.

It will be necessary to inhibit momentum dump maneuvers during
the period when this experiment is operating since this experi-
ment cannot operate while the spacecraft is in motion.
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In-Flight Data
a) Telemetry - None

b) Crew Voice Comments - The following will require voice comments:

) The exposure number

3 Target field identification
Time of initiation correlatable to Greenwich Mean
Time (GMT) to within 1 minute

) Length of exposure

) Comments on the quality of image tracking conditions
and any other noteworthy conditions relative to the
experiment

[Sal = whny —

c) Log Books - None

d) Photographs - One hundred and fifty photographs of selected
starfields

e) Return Payload - S019 Film Canister containing 164 slides (150
of which have been exposed)

For additional details, refer to Appendix A.
Evaluation
Refer to MSC-03022, Scientific Data Analysis and Reporting Plan.
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Experiment S063 ULTRAVIOLET AIRGLOW HORIZON PHOTOGRAPHY
Photograohy the earth's ozone layer.

Purpose and Background

The purpose is to photograph in visible and ultraviolet light the earth's
ozone layer. (Note: The airglow photography portion of this experiment has
been deleted.)

Ozone exists in the atmosphere in a broad layer between 15 km and
50 km with a maximum concentration in the vicinity of 25 km. The distri-
bution of ozone varies with geographic location, the seasons, and diurnally.
By recording the ozone distribution around the world using UV photography,
this experiment will provide a new approach for answering questions about
the ozonosphere. These questions relate to the circulation of the ozone,
its connection with the morphology of weather patterns, and its role in
the production of hydroxyl emission in the airglow. Photographs over
areas traversed by high-flying jet-engined aircraft may contribute to
analysis of engine exhaust pollution problem.

Functional Objectives
® (Obtain data on the earth's ozone layer.

FO 1) Obtain selective UV photographs of the earth's ozone (17%

thru layer and simultaneous visible photographs of terrain each

FO 6) and cloud features beneath the ozone layer during FO)
Z-LV passes.

Performance Requirements

a) Baseline Requirement

FO 1) Seventy-six UV photographs of the earth's ozone layer and 61

thru simultaneously acquired visible photographs of terrain and cloud

FO 6) features beneath the ozone layer are required. Six photographic
periods (FO 1 thru FO 6) will be scheduled during Z-LV passes of
26 minutes average duration. Photographic periods of less than
26 minutes duration are acceptable, provided the lost time is
made up by scheduling photographic periods during additional Z-LV
passes.

b) Minimum Scheduling Requirement

FO 1) Ultraviolet photographs of the earth's ozone layer and simulta-

thru neously acquired visible photographs of terrain and cloud features

FO 6) beneath the ozone layer are required to be taken on four (FO 1
thru FO 4) Z-LV passes of 26 minutes average duration each.

c) Performance Redline

FO 1) Continue to schedule toward the minimum scheduling requirement.
thru
FO 6)

Performance Conditions

FO 1) Experiment Assembly I (EA-I1) (consisting in part of two cameras,
thru one for taking UV photographs and the other for taking regular
FO 6) color photographs) will be used. The UV camera will be mounted

3-173



S063

at the anti-solar Scientific Airlock (SAL). The color camera
will be mounted in the wardroom window of the Orbital Workshop
(OWS) and will automatically take photographs simultaneously with
the UV camera.

Photographs of the ozone layer, which is approximately 30 km above
the earth's surface and not visible, will be accomplished while
visually tracking an earth geographical feature with the optical
sight. The camera is coupled to the visual tracker in such a
manner that it will photograph the 30 km level above the earth.

Photographs will be made:

a) Over the United States to provide values for comparison with
ground based observations

b) Over a variety of terrain, e.g., sea, desert, green forests
or fields, cities, snow, cloud Tayers, etc., to provide a
check on the efficiency of the three-color filter principle

c) Over the entire globe at different seasons and different
Jatitudes to view the ozone concentration as distributed
over the earth, especially in areas where no ground stations
are available.

It is highly desirable to obtain photographs of any violent
weather disturbance, such as a hurricane, and the contrail of a
high altitude multi-engine jet aircraft such as one being used
by EREP for under-flight or military aircraft.

The optical sighting device will be kept pointed to within 0.5
degrees on a chosen tracking feature.

Image Motion Control (IMC) will be maintained manually by the
experimenter through the duration of the exposure. Required
tracking rates are functions of orbital position and target
altitude. Approximate average rates are 1 degree/sec.

The 76 UV photographs will be obtained according to the following

schedule:
(1) Sun Angle Nominal Exposure(é) Filter

Quantity (degrees) Time (sec) (Angstroms)

g(2) 60 to 40 16 2800

g(2) 60 to 40 16 { 10N9 3200
15(2) 40 to 15 8 2800
15(2) 10 to 15 g | medium 3200
15¢3) 15 to 0 2 2800
15(3) 15 to O o | short 3200

The 61 color exposures (one taken simultaneously with each UV
exposure) will have a duration of 1/250 second. (See Note 3)

NOTE: See notes at end of this DTO.
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FO 1) Detailed photographic operations will be conducted in accordance
thru with procedures contained in the appropriate checklist.
FO 6)

The maximum pitch, yaw, or roll rates during the exposure period
will not exceed 0.1 degree/sec.

Venting from the following controllable external vents will be
completed 15 minutes prior to and avoided during the performance
of experiment photographic sequences:

a) SWS blowdown or cabin atmosphere vent

b) AM EVA vent
c) CSM RCS
d) AM condensate system vent (contingency)

e) CSM vents from steam duct, urine dump, and waste water dump

Experiment M509 (Astronaut Maneuvering Equipment), T020 (Foot
Controlled Maneuvering Unit), and TO13 (Crew/Vehicle Disturbances)
must not be operated while S063 equipment is installed in the SAL.

The film and cameras (if loaded with film) will be protected from
radiation by stowing in drawer J of the OWS film vault when experi-
ment operation times are separated by more than four hours and
when the spacecraft is in that portion of the South Atlantic
Anamoly where the accumulated projected radiation levels could

‘ damage the film.
Voice tapes of astronaut annotations during experiment operations
are to be dumped after each photographic session.

In-Flight Data
a) Telemetry - None

b) Crew Voice Comments - Voice annotation by the astronaut will be
made for each exposure taken and will include camera identifica-
tion, filter code, series, camera orientation, exposure initia-
tion in Greenwich Mean Time (GMT) within 1.0 second, exposure
number, and exposure duration.

Prior to each photography session a voice recording of beginning
exposure number, filter identification, initial camera bracket
setting, GMT, and identification of any targets of opportunity
will be made.

Voice annotation by the astronaut will be made at the end of each
session and will include orbit number, location of experiment
(i.e., ground track), latest exposure number, and condition of
equipment at end of last session.

c) Log Books - None

d) Photographs - Seventy-six photographs of the earth's ozone layer
and 61 visible photographs of terrain and cloud features beneath
the ozone layer are required.
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e) Return Payload - Two cassettes of 35-mm black and white film, and
two cassettes of 35-mm color film

For additional details, refer to Appendix A.
Evaluation
Refer to JSC-03022, Scientific Data Analysis and Reporting Plan.

NOTES:

1) Orbital circumstances may not permit scheduling to obtain
the desired number of exposures for each group of sun angles
listed. While the best pictures will be made with the angle
between the sun and the local vertical at a minimum, the
experiment objectives can be met with longer exposures and
larger angles provided that at least five sets (10 exposures
five through each of the two UV filters) are made for sun
angles between 0° and 15°.

2) After each exposure, the camera/sight carriage must be reset
to the start position. Exposures will be made alternately
through the two UV filters.

3) These exposures will be made in pairs. On a given target,
two exposures should be made in rapid succession, one through
each UV filter. Only one color exposure will be made for each
pair of short exposures.

4) Actual exposure times will be supplied to the crew prior to
the experiment session.
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Experiment S071/S072 CIRCADIAN RHYTHM - POCKET MICE/VINEGAR
GNATS

Obtain circadian rhythm data on pocket
mice and vinegar gnats.

Purpose and Background

The purpose is to determine the persistence of the circadian rhythms
of body temperature and activity in pocket mice. Additionally, the pur-
pose is to determine the persistence of circadian rhythms in the vinegar
gnat.

A statistical analysis of all data (ground and flioht) acquired will
be performed to determine any variance between the circadian rhythms
observed in the flight group while in orbit with respect to the circadian
control groups. The analysis will be performed by the experimenter at his
facilities using computer methods developed for this purpose. A signifi-
cant digression of either the precision or lengths of the "free running"
circadian periods measured in space from those periods measured on earth
would constitute evidence of dependency of circadian organization upon
geophysical “cues". Conversely, continuance in space of the precise "free
running" circadian periods measured on the ground would significantly
reduce arguments in favor of dependency of circadian organization upon
geophysical "cues".

Functional Objectives

Determine the persistence of circadian rhythms in pocket mice and
vinegar gnats.

FO 1) Obtain data to determine the persistence of circadian (50%)
rhythms in pocket mice.

FO 2) Obtain data to determine the persistence of circadian (50%)
rhythms in vinegar gnats.

Performance Reauirements

a) Baseline Requirement

FO 1) No crew operations are required except for removing power from

) the experiment upon completion of each experiment. The only
other operations would be as a backup to ground commands. A1l
experiment operations will be nominally controlled from the
ground,

FO 1) After a minimum of 28 days in orbit, the SO071 power switch will
be placed in the OFF position.

FO 2) After approximately 20 days of operation, the S072 power switch
will be placed in the OFF position.

b) Minimum Scheduling Requirement
) Continue to schedule toward the baseline requirement.
)
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c) Performance Redline

FO 1) Continue to schedule toward the baseline requirement.
FO 2)

Performance Conditions

FO 1) Six pocket mice, in individual cages that provide 1iving space
and food for each mouse, will be placed in orbit in an internal
environmental control system that provides a constant atmosphere
to the mice.

Mice cage temperature will be held constant within 0.5°C in a
temperature range of 20(+2)°C.

The cage pressure will be held constant within +2% in a pressure
range of 700(+60) mm Hg.

The air composition will be maintained at a near normal atmosphere.

The circadian rhythms of each mouse will be continuously moni-
tored from launch for a minimum period of 28 days.

FO 2) The mounting plate temperature in the pupae compartment will be
maintained at a temperature of 5(+0.5)°C until the "Vinegar Gnat
Initiate" ground command is issued.

After orbital insertion, a "Vinegar Gnat Initiate" ground com-
mand will be issued to commence a sequence of events that start
the development of vinegar gnat pupae in four separate units,
each housing 180 pupae.

The plate temperature in the pupae housing units will be raised
to approximately 20°C(+0.5°C).

After the temperature has stabilized (within 70 minutes) the
pupae in each of the four compartments will be exposed (two
compartments at a time) to a stimulus light. Confirmation of
stimulus light operation will be required.

The date and time of day of the initiate command, of the 20°C
temperature stabilization, and of the first stimulus light opera-
tions within +5 minutes will be recorded on the around,

FO 1) The S072 control electronics will monitor the ambient tempera-

) ture for the pupae of each housing unit and relay these data to
the SO71 Circadian Data System (CDS) every 10 minutes to be
stored in memory. (Each 10-minute data frame consists of both
S071 and S072 instrumentation.)

The stored SC72 data will be relayed to the ground receiving
stations together with the SO71 data upon ground command.

Data dumps will be scheduled at convenient intervals not to
exceed 19 hours during the operation of S071 and S072.
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In-Flight Data

a) Telemetry - Experiment measurements will be recorded for sub-
sequent playback and transmission to the ground.

b) Crew Voice Comments - None

c) Log Books - None

d) Photographs - None

e) Return Payload - None

For additional details, refer to Appendix A.
Evaluation

Refer to Pre- and Post-Mission Scientific and Data Analysis and
Reporting Plan for MSFC Skylab Experiments.
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Experiment S149 PARTICLE COLLECTION

Determine distribution, composition,
and morphology of micrometeorites
in near-earth space.

Purpose and Background

The purposes are to determine the mass distribution of micrometeo-
rites in near-earth space by studying the impact phenomena that are
produced on suitably prepared and exposed surfaces and to determine the
composition and morphology of micrometeorites from an examination of
micrometeorite deposits in the impact craters.

Micrometeorite impact data shall be acquired throuah the use of two
types of impact surface detectors. The largest portion of the impact
surface detection area consists of highly polished surfaces that have been
pre-scanned with optical microscopes. The remaining area consists of thin
film. The principle of the multiple film detector system is to allow
examination of the layered film as a unit to facilitate identification of
film penetration events. The coincidence of holes in the layered film
plus the characteristics of the impact event on the underlying witness
plate will determine cosmic origin.

Functional Objectives

® Determine the mass distribution of micrometeorites in near-earth
space.

FO 1) veploy and expose during the unmanned phase of SL-3 (40%)
one set (4) of Micrometeorite Impact Detection Cassettes.
(The cassettes will be prepared for deployment and
exposure during SL-2, and will be retrieved and
returned to earth during the manned phase of SL-3.)

FO 2) Deploy and expose one set (4) of Micrometeorite (25%)
Impact Detection Cassettes during the manned phase
of SL-3. (The cassettes will be retrieved and returned
to earth during the manned phase of SL-3.)

FO 3) Prepare one set (4) of Micrometeorite Impact (35%)
Detection Cassettes for deployment and exposure during
the unmanned phase of SL-4, (The cassettes will be
retrieved and returned to earth during the manned
phase of SL-4.)

Performance Requirements

a) Baseline Requirement

FO 1) Exposure of the Micrometeorite Impact Detection Cassettes during
the unmanned phase of SL-3 is required. Retrieval and stowage
of four detection cassettes for return to earth during the manned
phase of SL-3 is required.

FO 2) Exposure of one set (4) of Micrometeorite Impact Detection
Cassettes for 240 hours during the manned portion of SL-3 is
required. Retrieval and stowage of four detection cassettes
for return to earth during the manned phase of SL-3 is required.
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FO 3)

b)
FO 1)

FO 2)

FO 3)
c)

FO 1)
thru
FO 3)

S149

Preparation of one set (4) of Micrometeorite Impact Detection
Cassettes for exposure during the unmanned phase of SL-4 is
required.

Minimum Scheduling Requirement

Exposure of the Micrometeorite Impact Detection Cassettes during

75 percent of the unmanned phase of SL-3 is required. Retrieval and
stowage of four detection cassettes for return to earth during the
manned phase of SL-3 is required.

Exposure of one set (4) of Micrometeorite Impact Detection Cassettes
for eight hours during the manned portion of SL-3 is required. Re-
trieval and stowage of four detection cassettes for return to earth
during the manned phase of SL-3 is required.

Same as the baseline requirement
Performance Redline
Continue to schedule toward the minimum scheduling requirement.

Performance Conditions

FO 1)

FO 2)

Ground control will open the cassettes for exposure during the
unmanned phase of SL-3 approximately six hours after the
separation of the SL-2 CSM from the Orbital Workshop (OWS).

With the exception of any ground commanded or other foreknown
venting, the cassettes will remain open throughout the unmmaned
phase.

Ground control will close the cassettes approximately six hours
before docking of the SL-3 CSM to the OWS for the manned phase
of SL-3.

The Motor Drive/Cassette Support Unit (MDCSU) containing the
four detection cassettes will be retrieved and stowed according
to procedures contained in the appropriate checklist.

The MDCSU containing four detection cassettes will be deployed
from the anti-solar SAL according to procedures contained in the
appropriate checklist.

The impact surfaces must be protected from contamination during
an exposure period. This will be accomplished per procedures
contained in the appropriate checklist by closing the detector
cassettes during periods when contaminants could be deposited
on the surfaces.

Experiments M509 (Astronaut Maneuvering Equipment), and T020
(Foot Controlled Maneuvering Unit) must not be operated while
S149 equipment is installed in the SAL.
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FO 3)

FO 1)
thru
FO 3)

$149

The MDCSU containing the four detection cassettes will be
retrieved and stowed according to procedures contained in the
appropriate checklist.

The MDCSU containing four detection cassettes will be deployed
from the anti-solar SAL just prior to SL-3 CSM separation per
procedures contained in the appropriate checklist.

Ground control will cycle the detection cassettes just prior to
crew departure to insure proper operation. In the event that
ground control cannot open the cassettes, they are to be opened
by a crewman as near to CSM separation as possible.

The detection cassettes must be closed during and remain closed
for 15 minutes after compietion of the following events (as
applicable):

a) Contingency condensate dump
b) A1l unbagged water dumps into the OWS waste tank
c) AM airlock depressurization for EVA

d) Venting for Experiment M092 (In-Flight Lower Body Negative
Pressure) or M171 (Metabolic Activity)

e) CSM RCS firings
f) CSM vent from steam duct, urine dump, and waste water dump

The detection cassettes must be closed during and remain closed
for 12 hours after completion of a SWS blowdown or cabin total
atmosphere vent.

In-Flight Data

a)

Telemetry - Experiment and spacecraft housekeeping measurements
will be recorded for subsequent playback and transmission to the
ground. Telemetry data are to include vehicle attitude devia-
tions from the nominal solar inertial mode whenever the vehicle
attitude varies more than 15 degrees about any axis from the
nominal attitude.

Crew Voice Comments - Voice comments will be required concerning
experiment preparation, checkout, operation, and postoperation
tasks.

Log Books - None
Photographs - None

Return Payload - One set of four cassettes exposed during the
unmanned portion of SL-3 and one set of four cassettes exposed
during the manned portion of SL-3.

For additional details, refer to Appendix A.
Evaluation
Refer to MSC-03022, Scientific Data Analysis and Reporting Plan.
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Experiment S150 GALACTIC X-RAY MAPPING (B)

Survey portion of the sky for
X-rays.

Purpose and Background

The purposes are to survey a portion of the celestial sphere for
X-rays in the 200 to 12,000 electron volt range and determine the inten-
sity, Tocation, and spectrum of each X-ray source. The experiment will
determine if there is a continuous background of X-rays, or discrete
sources. The results of the experiment will help answer questions con-
cerning emission mechanism in X-ray sources, the distance to the sources,
and the nature of the interstellar medium.

Proportional counters and pulse height analyzers are flown on the
Instrument Unit of the launch vehicle (IU-SIVB). After Command and
Service Module separation the IU/SIVB maneuvers, as it orbits the earth, to
allow the instruments to scan about half the sky. The data from the pulse
height analyzers are recorded on magnetic tape and dumped once each orbit.
Star sensors help determine the pointing direction of the proportional
counters.

Functional Objectives

® Obtain data on X-rays in the 200 to 12,000 electron volt range over
a portion of the celestial sphere.

FO 1) Expose the Experiment Sensor located in the IV-SIVB to space
thru - after separation of the CSM from the SIVB.
FO 5)

(Note: The S150 experiment operation will not require flight
crew involvement; however, it will require participation of
Mission Control Center-Houston personnel for transmission of
ground commands.)

Performance Requirements

a) Baseline Requirement

FO 1) The IU/SIVB will be maneuvered to a specified attitude at the

thru beginning of five consecutive orbits (FO 1 thru FO 5) to scan

FO 5) different portions of the sky. Each of the specified attitudes
for FO 1 thru FO 4 will require one complete orbit. FO 5 will
require data collection for the remaining lifetime of the
IU/SIVB, and this may result in one or more orbits for this FO.

b) Minimum Scheduling Requirement

FO 1) Same as the baseline requirement
thru
FO 5)

c) Performance Redline

FO 1) Same as the baseline requirement
thru
FO 5)
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Performance Conditions

FO 1) Activation of the experiment, which will include enabling of the

thru experiment gas supply system, application of experiment power,

FO 5) and deployment of the sensor, will occur as soon as possible
after CSM separation and prior to the initial maneuver into
orbit 1 configuration. It is highly desirable to have three
orbits in which to accomplish this activation.

The initial orientation of the IU/SIVB will be with the longitu-
dinal axis of the vehicle in the plane of the orbit and perpen-
dicular to local vertical, with the IU end toward the flight
direction. The following maneuvers will be performed to place
the unmanned IU/SIVB in the specified attitude consistent with
the IU/SIVB lifetime: '

Orbit 1 - A 45-degree roll placing a point midway
between Position I* and Position IV* down,
so that the S150 look direction points
27.5 degrees above the flight vector.

Orbit 2 - A further 45-degree roll placing Position
IV* down.

Orbit 3 - A 90-degree roll in the opposite direction,
placing Position I* down. ,

Orbit 4 - A left 27-degree yaw so that Position I*
points down and vehicle axis points into
the northern orbital hemisphere.

Orbit 5 - A right 54-degree yaw followed by a 90-degree

roll so that Position IV* points down and the
vehicle axis points into the southern orbital
hemisphere.

Further Orbits - Data should continue to be collected in
the orbit 5 position as long as the IU/SIVB
lifetime permits, with no further maneuvers.

Ground commands will be required for control of the tape dumps
and the Launch Vehicle Digital Computer (LVDC) memory dumps.
Ground command capability to alter the time initiation of
maneuver sequences and experiment discretes will be required.

*These positions are referenced to the launch vehicle coordinate system
axis as follows:

-Z Position I

+Y Position II
+Z Position III
-Y Position IV
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In-Flight Data

a) Telemetry - Experiment measurements will be telemetered during
real time and tape recorded by the Auxiliary Storage and Play-
back Unit for data dump at least once per orbit.

Spacecraft measurements with the exception of gas pressure
measurements will be stored in the LVDC memory and telemetered
when over ground stations at least once per orbit. Gas pressure
measurements will be telemetered during real time only.

b) Crew Voice Comments - None

c) Log Books - None

d) Photographs - None

e) Return Payload - None

For additional details, refer to Appendix A.
Evaluation

Refer to Pre- and Post-Mission Scientific Data Analysis and Reporting
Plan for MSFC Skylab Experiments.
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Experiment S183 UV PANORAMA
OCbtain color index of stellar objects.
Purpose and Background

The purpose is to obtain color indices of selected stellar objects in
two bandpasses of approximately 600 angstroms half-power bandwidth, which
are centered at approximately the 1800- and 3100- angstrom wavelengths,
and another bandpass of approximately 365 angstroms half-power bandwidth
which is centered at approximately the 2500-angstrom wavelength.

The stellar objects to be studied are individual hot stars which are
distributed in different regions of the sky in relation to the Milky Way
and collective groups of stars such as clusters, galaxy nuclei, and the
stellar clouds in the Milky Way. The data obtained from this experiment
will be used in the broad sense to determine galactic structure and galac-
tic evolution. Specifically, the ultraviolet (UV) data of S183 will be
combined with previously gathered X-ray, visible infrared, and radio spec-
tral data to accomplish this objective. Correlation will also be made
with the data of Experiment SO019 so that comparisons of the spectra and
color indices of certain starfields can be accomplished.

Functional Objectives

@ Obtain UV photographs to determine the color index of stellar objects.

FO 1) Obtain selective UV photographs of as many (8%
thru designated starfields as possible on darkside each
FO 12)  passes. FO)

Performance Requirements

a) Baseline Requirement

FO 1) Thirty-four UV film plate photographs of approximately 20 star-

thru fields are required. Twelve photographic periods (FO 1 thru

FO 12) FO 12) of at least 32 minutes duration will be scheduled during
night side passes. Photographic periods of less than 32 minutes
duration are acceptable, provided the lost time is made up dur-
ing other night side passes of greater than 32 minutes duration
or by scheduling photographic periods during additional night
side passes. One simultaneous Data Acquisition Camera (DAC)
photograph at 2500 angstroms is required with each of the 35-mm
plate photographs which record data at 1800 angstroms and 3100
angstroms; because of the scientific importance of the 2500-
angstom bandpass of the DAC, photographs should be taken with
the DAC in case of an S183 Spectrograph Assembly failure.

b) Minimum Scheduling Requirement

FO 1) Eight photographic periods (FO 1 thru FO 8) during night side
§8r¥2) passes of 32 minutes average duration are required.

c) Performance Redline

zg 1) Continue to schedule toward the minimum scheduling requirement.
ru
FO 12)
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Performance Conditions

FO 1)
thru
FO 12)

The potential starfields to be photographed will be updated by
computer based upon exact orbital conditions of the workshop.
The updated starfields, pointing coordinated (mirror tilt and
rotation angles) will be supplied to the crew 24 hours prior
to the experiment session.

The experiment will be operated through the anti-solar Scientific
Airlock (SAL) using the S183 Spectrograph Assembly (S183 SA) and
the S019 Articulated Mirror System (SO019 AMS) in accordance with
procedures contained in the appropriate checklist.

Two crewmen are required to handle the S183 SA during experiment
preparation tasks and postoperation tasks.

It is estimated that three UV photographs can be taken during
one orbital night side pass; therefore, 12 night passes will be
required to permit the 34 UV film plate photographs to be obtained.
UV photographs of the starfields will be made on 34 of 36 photo-
graphic plates contained in a film carrousel (two plates were
exposed prior to launch for control purposes). Simultaneous
16-mm DAC photographs of the starfields will be made to record
scientific data to identify the field photographed with the

S183 SA, and to permit an evaluation of the amount of regular
drift. The DAC also records all photographic data at 2500
angstrom and, therefore, should continue to be used to record
photographic data in the event of an SA failure.

Automatic exposure times from 20 seconds to 1260 seconds are
available. The number of exposures in a starfield sequence and
the exposure durations chosen will depend on the starfield bright-
ness. The S$183 SA will be controlled by internal logic after an
operating sequence of one to three photographs is started.

It is highly desirable that the experiment be performed during
dark side passes with durations exceeding 32 minutes, when the
moon is less than half illuminated and when the Orbital Assembly
(OA) is in an inertially stable mode, Solar Inertial Attitude
(X-I0P/Z). The above constraint regarding illumination of the
moon is to be used during preflight planning. If it becomes
apparent during the mission that there will be insufficient time
to permit exposing all of the S183 film within the above illumi-
nation constraints, then it may be permissible to relax the
constraints in order to insure that all S183 films are used.
Photographs obtained within 7 to 10 days from a new moon will re-
present approximately 50 percent achievement. Photographs obtained
within 11 to 14 days of a new moon will represent approximately
30 percent achievement,

The AMS will be erected just before sunset and retracted just
after sunrise.

In order to be able to correlate experiment data between S183
and SO19 (photograph identical starfields with similar degrada-
tion to film and mirror system) it is highly desirable that at
least one sequence of photos for S183 be obtained on an orbit
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successive to an orbit where SO19 is scheduled to obtain star-
field photos. If successive orbits are not possible then the
closest orbit possible will be satisfactory provided the time
span is no greater than 24 hours.

The experiment Tine-of-sight shall be aligned to within 30 arc

minutes of each of the selected starfields utilizing the S019
AMS .

Experiments M509 (Astronaut Maneuvering Equipment), T020 (Foot
Controlled Maneuvering Unit) and T013 (Crew/Vehicle Disturbances)

must not be operated while S019/5183 equipment is installed in
the SAL.

Time correlation to within 1.0 second Greenwich Mean Time (GMT)
will be required with the "Shutter Open" timing signal.

It is mandatory to inhibit Control Moment Gyro (GMG) desatura-
tion maneuvers during exposures.

Crew motions are to be kept to a minimum during S183 exposures.
Scheduling of crew activities (which may cause spacecraft movement,
e.g., transfer of heavy equipment, exercises which require the
crew to push off from the spacecraft wall, etc.) is to be avoided
during S183 operation periods.

Moisture must not be allowed to condense on the S019 AMS.

Thruster Attitude Control Subsystem (TACS) firings will be mini-
mized when the SO19 AMS is extended. There will be no Service
Module Reaction Control Subsystem firings when the S019 AMS is ex-
tended.

Venting from the following controllable external OA vents will be
completed 30 minutes prior to and avoided during the performance
of experiment photographic sequences:

a) SWS blowdown or cabin atmosphere vent

b) AM EVA vent

c) CSM RCS

d) AM condensate system vent (contingency)

e) CSM vents from steam duct, urine dump, and waste water dump

External OA venting from the following operations will be com-
pleted 15 minutes prior to and avoided during the performance of
experiment photographic sequences:

a) Mo92
b) Mi7

A11 OWS interior 1ights with the exception of those listed in

the appropriate checklist must be turned off five minutes before
the beginning of the experiment operation period and remain off
throughout the entire period. Onboard pen lights, with red filters
designed for use during SO19 operation, are acceptable without
restriction.
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Any external Tights of less than 6000 R which might reflect into

the experiment must be off during the operation of the experiment.

A1l ports or windows which might reflect light of less than 6000
into the experiment must be covered.

The film carrousel and 16-mm film shall not be out of the film
vault for more than a cumulative total of 96 hours (from initial
removal of the film from the vault to the time of Command Module
separation).

It is not necessary to remove the experiment from the SAL during
the day portion of the orbit; however, the AMS should be retracted
and the experiment should remain evacuated. To minimize exposure
time to radiation, the film carrousel and 16-mm magazine must be
removed and stored in the film valut when observing periods are
separated by 12 hours. It is permissable to have the remainder
of the experiment in the SAL during this period if the Blank Film
Door is placed in the SA and the assembly is vented to space.

The film storage container containing the film carrousel must be
evacuated immediately following each removal of the film carrousel

and prior to stowage in the film vault to achieve a vacuum of 10
torr or less.

If it is necessary to remove the S183 SA from the airlock for more
than 12 hours, it must be evacuated to 10 torr or less. If it is
necessary to remove the S019 AMS from the airlock for more than

12 hours, it must be evacuated to 1 torr or less. Evacuation is
to begin within 30 minutes of experiment disassembly.

It is necessary for the crewman operating the experiment to know
when the dark portion of the orbit starts to within 1.0 minute.

In-Flight Data

a)

b)

Telemetry - Time of shutter opening correlated to +1.0 second and
film plate position are required for each photograph.

Crew Voice Comments - The following will require voice comments
or entry in the crew 1og (Items 1 thru 6 need only be recorded
or logged if different from nominal):

1) The exposure number
2) Target field identification

3) Time of initiation correlated to Greenwich Mean Time
(GMT) to within 1 minute.

4) Length of exposure
5) DAC setting
6) Pointing (mirror tilt and rotation angles)

7) Comments on the quality of image tracking conditions and
any other noteworthy conditions relative to the experiment
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c) Log Books - See Crew Voice Comments above.

d) Photographs - Thirty-four UV film plate photographs of selected
starfields taken with the Spectrograph Assembly and 35 photographs
taken simultaneously with the 16-mm DAC

e) Return Payload - Log book (if voice logging was not accomplished)
and a film storage container enclosing a film carrousel contain-
ing UV film plates and 16-mm film

For additional details, refer to Appendix A.
Evaluation

Refer to Pre- and Post-Mission Scientific Data Analysis and
Reporting Plan for MSFC Skylab Experiments.
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Experiment $230 MAGNETOSPHERIC PARTICLE COMPOSITION

Measure fluxes and composition of
precipitating magnetospheric ions
and trapped particles.

Purpose and Background

The purpose is to measure fluxes and composition of precipitating
magnetospheric ions and trapped particles through the use of a foil
collection technique.

The mechanisms of gain and loss of magnetospheric particles are still
largely unknown. Although it is generally assumed that the source for
most of the magnetospheric particles is the solar wind, there is very
little experimental evidence to back this assumption. It is likely that
at least a fraction of the energetic ions populating the magnetosphere is
of atmospheric origin, having been carried upwards by the polar wind or by
field-aligned acceleration. Measurements of the isotopic abundances of
the noble gases (helium, neon, and argon) should aid in answering the
question of origin of magnetospheric plasmas, and possibly trapped par-
ticles. The isotopic abundances of these elements are so different in
the solar wind and in the atmosphere that even a small mixture of particles
of one source to those of the other source can be distinguished.

The experiment equipment will consist of sheets of collecting foils
mounted on a flexible backing material to make a collector assembly. Four
separate collector assemblies will be mounted as two double cuffs around
two spools mounted on a truss on the Apollo Telescope Mount (ATM) Deploy-
ment Assembly (DA) prior to the launch of SL-1. Each spool will have two
collector assemblies mounted one on top of the other. Retrieval of these
collector assemblies will occur during four ATM extravehicular activities
(EVA), two each for SL-3 and SL-4.

Functional Objectives

® Determine the mission fluxes and composition of precipitating magnet-
ospheric jons and trapped particles.

FO 1) Retrieve one S230 collector assembly from the ATM  (40% - FO 1)
FO 2) DA during an ATM EVA. (60% - FO 2)

Performance Requirements
a) Baseline Requirement

FO 1) The outer collector assembly of the aft spool will be retrieved on
the first EVA.

FO 2) The inner collector assembly of the aft spool will be retrieved on
the last EVA.

Removal of the outer collector assembly (retrieved during perform-
ance of FO 1) must precede this FO.

b) Minimum Scheduling Requirement
Same as the baseline requirement
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c)

FO 1)
FO 2)

$230

Performance Redline
Same as baseline requirement

Performance Conditions

FO 1)
FO 2)

An EVA astronaut will inspect and retrieve an Experiment S230
collector assembly during an ATM EVA in accordance with procedures
contained in the appropriate checklist.

Anytime prior to retrieval, the collector assembly to be re-
trieved will be photographed (one frame of 35-mm or 70-mm oper-
ational film for each of two collector assemblies) through the
Structural Transition Section window that provides the best
view of the assembly.

Astronaut comments during the retrieval of the collector assembly
will be recorded.

After retrieval, the collector assembly will be placed in the
return collector pouch and temporarily stowed in the Skylab food
freezer. The pouch containing two collector assemblies will be
transferred to the Command Module (CM) just prior to completion
of the mission.

Temperature of the collector assemblies during handling and stow-
age after retrieval must not exceed 90°F. The coliector assemblies
may be exposed to air, or to the normal Skylab atmosphere after
retrieval, but they must be protected from excessive heat, humid-
ity, salt spray, corrosive gases or liquids, and noble gases, and
from X-ray, Alpha and Beta radiation in excess of that found in
normal atmosphere.

In-Flight Data

a)

Telemetry - Spacecraft housekeeping telemetry will provide the
following:

1) Spacecraft attitude during experiment exposure

2) Orbital location and attitude when not in solar inertial
correlated to Greenwich Mean Time (GMT)

3) Attitude and GMT when experiment foils are exposed to sun-
light (they are shaded when the spacecraft is in solar
inertial)

Crew Voice Comments - The retrieving EVA crewman will voice
record collector retrieval time correlatable to GMT.

Log Books - None

Photographs - One photograph before retrieval of outer collector
assembly and one photograph before retrieval of inner collector
assembly (operational film)
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e) Return Payload - One return collector pouch containing two
collector assemblies (one outer and one inner type) will be
returned. (Note: The film in support of Experiment S230 is
included in the operational film budget as opposed to being
part of the S230 return payload.)

For additional details, refer to Appendix A.
Evaluation

Refer to Pre- and Post-Mission Scientific Data Analysis and Reporting
Plan for MSFC Skylab Experiments.

3-197



Experiment TO02* MANUAL NAVIGATION SIGHTINGS (B)

Obtain data on manual midcourse and
orbit navigation.

Purpose and Background

The purpose is to investigate the effects of the spacecraft environ-
ment (long mission time and confinement) on a navigator's ability to obtain
space navigation measurements through a spacecraft window using hand-held
instruments. A second purpose is to demonstrate the operational feasibility
of a manual navigation system consisting of a hand-held sextant (SXT) and
stadimeter.

Experimental measurements of the angle between star pairs and between
stars and the earth horizon were made using hand-held sextants in Gemini
Experiments. This experiment will extend the Gemini results to include
measurements of the star/lunar 1imb angle with a hand-held SXT and space-
craft altitude with a hand-held stadimeter.

Midcourse type navigation measurements using a hand-held SXT will be
made during the dark portion of the orbit using star/lunar limb target
combinations. Measurements of the angle between selected star pairs will
also be made.

Orbital type navigation measurements using stars and earth horizon as
targets will be made using a hand-held SXT. Hand-held stadimeter measure-
ments will be made using the earth horizon as target.

Functional Objectives

® Investigate effects of long mission time and confinement on a naviga-

tor's ability to obtain space navigation measurements using hand-held
instruments.

Demonstrate the operational feasibility of a manual navigation system.

FO 1) Perform six SXT sighting periods on a pair of known (5%
thru stars for midcourse type navigation. each
FO 6) FO)
FO 7) Perform 12 SXT sighting periods on a known star and (1%
thru the lunar 1imb for midcourse type navigation. each
FO 18) FO)
FO 19) Perform six SXT sighting periods on two portions of (1%
thru the lunar limb for midcourse type navigation. each
FO 24) FO)
FO 25) Perform two stadimeter sighting periods on the earth (5%
FO 26) horizon for orbit type navigation. Eggh
FO 27) Perform three SXT sighting periods on the earth horizon (4%
thru and a known star for orbit type navigation. each
FO 29) FO)

*This experiment is to be performed at the convenience of the crew and
on a non-interference basis with the other experiments.
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FO 30)
thru
FO 34)

T002

Perform five SXT/stadimeter sighting periods con- (6%
sisting of SXT measurements on the earth horizon each
and two known stars and stadimeter measurements FO)

on the earth horizon for orbit type navigation.

Performance Requirements

a)

FO 1)
thru
FO 34)

b)

FO 1)
thru
FO 34)

c)

FO 1)
thru
FO 34)

Baseline Requirement

Perform 34 sighting periods (FO 1 thru FO 34) consisting of
approximately 290 sextant measurements, 160 sextant calibration
measurements, and 35 stadimeter measurements.

Minimum Scheduling Requirement
Not applicable since this experiment is to be performed at the con-

venience of the crew and on a non-interference basis with the other
experiments.

Performance Redline
Not applicable

Performance Conditions

FO 1)
thru
FO 24)

FO 7)
thru
FO 18)

FO 25)
FO 26)

FO 27)
thru
FO 29)

FO 27)
thru
FO 34)

Midcourse type navigation SXT sighting periods will be distributed
equally in time throughout the mission (preferred) or one-half of
the sighting periods will be conducted during the first half of
the mission and one-half during the last half of the mission.

Midcourse type navigation sighting periods will be performed on
one mission and by the same crewman.

A SXT sighting period will consist of a minimum of 10 SXT angle
measurements within one night pass.

A SXT reference calibration consisting of five night SXT angle
measurements of a single known star will be performed for each SXT
sighting period.

Four SXT sighting periods will be performed with a 1.0 filter
setting, four with no filter, and four with a 1.6 filter setting.
If the moon is too dim with the 1.6 filter, six sightings with no
filter and six sightings with the 1.0 filter will be made.

Perform 10 stadimeter measurements of the earth horizon during
each sighting period.

Perform as many night SXT measurements of the earth horizon and
a known star as possible during each of three sighting periods.

The night earth horizon must be moonlit and visible from the
wardroom window.
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FO 30)
thru
FO 34)

FO 1)
thru
FO 34)

T002

The following sequence of sightings for each orbital navigation
sighting period will be performed within one orbit:

The
for

Al1
the
the

Perform a minimum of three daylight stadimeter sightings at
approximately 15-minute intervals of the earth horizon upon
entering the day portion of the orbit.

Perform a SXT sighting using the first known star and the
night earth horizon.

Perform a SXT sighting using the second known star and the
night earth horizon.

Perform a SXT sighting using the first known star and the
night earth horizon.

Perform a SXT sighting using the second known star and the
night earth horizon.

Orbital Workshop (OWS) must be on the night side of the orbit
SXT sightings.

midcourse and orbit type measurements will be performed at
wardroom window in accordance with procedures contained in
appropriate checklist.

External lights that affect viewing from the wardroom window will
be off and the wardroom interior lights will be dimmed to allow
viewing of starfields during the experiment performance.

In-Flight Data

a) Telemetry - Spacecraft housekeeping measurements

b)

Crew Voice Comments - Voice recordings pertinent to experiment
operations will be dumped to the ground during normal dumps. Voice
data will include:

1)

Zero bias measurements of the SXT

a) Greenwich Mean Time (GMT)

b) Target used

c) Window line-of-sight location
d) Temperature

e) SXT readout

f) Comments

SXT angle measurement (Midcourse and Orbit)

a) GMT at start and end of session

b) Temperature at start and end of session
c) Portion of lunar 1limb (when applicable)
d) Target identification

e) Window Tine-of-sight Tocation
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Voice "mark" for each image alignment
Sextant readout

Diopter setting

Filter used

Reticle brightness

Comments

K Cu = TTWUQ —h

3) Stadimeter angle measurements

a) GMT at start and end of session

Characteristics of horizon used

Voice "mark" for each image alignment

Stadimeter readout

Stadimeter stopwatch and astronaut chronograph reading
Reticle brightness

Filter used

Comments

c) Log Books - None

o

oK Hhoo Ao
e e e e e e e

d) Photographs - None

e) Return Payload - None

For additional details, refer to Appendix A.
Evaluation

Refer to Pre- and Post-Mission Scientific Data Analysis and Reporting
Plan for MSFC Skylab Experiments.
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Experiment T003 IN-FLIGHT AEROSOL ANALYSIS

Obtain particulate matter generation
data.

Purpose and Background

The purpose is to measure the aerosol particulate matter concentra-
tion and distribution in the spacecraft as a function of time and location,
and to collect and return to earth the aerosol particles and the logged
data for postflight analysis.

Investigations regarding various optical methods of counting and siz-
ing small aerosol particles having unknown indices of refraction have been
conducted with the conclusion that the geometry used in the Aerosol Analyzer
(AA) can identify particles primarily by size alone.

Functional Objectives

® Determine the concentration and size distribution of aerosol particles
in the spacecraft as a function of time, and obtain samples of the particles
collected during these measurements.

FO 1) Operate the AA to obtain readings at Crew Station (25%)
CS-11 (crew quarters at AA Stowage Container loca-
tion), CS-10, CS-1B, CS-11 (crew quarters near air
diffuser), CS-15, CS-16, and CS-11 (crew quarters
at shower Tocation) as early in the mission as
possible,

FO 2) Operate the AA to obtain periodic readings in the (25%)
stowage location in the crew quarters during the
presleep and postsieep periods commencing with the
first sleep period after performing FO 1,

FO 3) Operate the AA to obtain readings at CS-10, CS-1B, (15%)
thru and CS-11 (crew quarters near air diffuser) every

FO 7) 10 +1 days after FO 1.

FO 8) Operate the AA to obtain readings at CS-15 and CS-16 (15%)
thru every 10 +1 days after FO 1.

FO 12)

FO 13)  Operate the AA at CS-11 (crew quarters at shower location)  (10%)
thru immediately after doffing clothes in preparation for

FO 19)  shower on seven shower occurances.

FO 20) Operate the AA, at the crew's discretion, to obtain up (10%)

to 20 readings, at any time interval or location to
investigate suspected particle generation sources.

Performance Requirement

a) Baseline Requirement
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FO 1)
FO 2)
FO 3)
thru
FO 7)

)

FO 8
thru
FO 12)

FO 13)
thru
FO 19)

FO 20)

b)
FO 1)
FO 2)

FO 3)
thru
FO 20)

c)
FO 1)
FO 2)

FO 3)
thru
FO 19)

FO 20)

T003

Seven readings
Two readings per day for FO 2 after accomplishing FO 1
Three readings for each FO

Four readings for each FO

One reading for each FO

Twenty readings

Minimum Scheduling Requirement

Same as the baseline requirement

Two readings every other day after accomplishing FO 1
Same as the baseline requirement

Performance Redline
TBD
T8D
TBD

T80

Performance Conditions

FO 1)

FO 2)

FO 3)
thru
FO 7)

As soon as practical (but not later than 5 days) after Orbital
Workshop (OWS) activation, the experiment will be performed at
CS-11 (crew quarters at AA stowage container location); CS-10
[center of Airlock Module (AM)/OWS hatch]; CS-1B [Command Module
(CM) center couch]; CS-11 (crew quarters near air diffuser); CS-15
(wardroom); CS-16 (head); and CS-11 (crew quarters at shower
Tocation).

Upon completion of FO 1, the AA will be returned to the storage
location and subsequent readings at CS-11 (crew quarters at AA
stowage container location) will be taken during the presleep and
postsleep periods throughout the duration of the mission.

On the 10th day after the measurements for FO 1, AA readings will
be taken for FO 3 at CS-10 (center of AM/OWS hatch); CS-1B (CM
center couch) and CS-11 (crew quarters near the air diffuser).
The readings will be repeated at intervals of 10 +1 days for FO 4
thru FO 7.
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thru
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FO 13)
thru
FO 19)

FO 20)

FO 1)
thru
FO 20)

T003

On the 10th day after the measurements for FO 1, AA readings will
be taken for FO 8 at CS-15 (wardroom) before food preparation and
also after meals; at CS-16 (head) immediately before use of the
sanitary facility and also after weighing of the wet fecal sample
bag, as part of Experiment M071 Mineral Balance, utilizing the
Experiment MO74 Specimen Mass Measurement Device. The readings
will be repeated at intervals of 10 +1 days for FO 9 thru FO 12.

Operate the AA to obtain readings at CS-11 (crew quarters at the
shower Tocation) immediately after doffing clothes in preparation
for shower at the first opportunity after completing FO 1 for FO 13.
Repeat on subsequent shower opportunities (occurring approximately
every 8 days) throughout the mission for FO 14 throu FO 19.

At the astronaut's discretion, up to 20 readings will be made dur-
ing the flight at times and positions the astronaut feels may be
a source of particulate generation.

A11 experiment operations will be conducted in accordance with
procedures contained in the appropriate checklist.

The AA may be hand held during all experiment runs except for
those at CS-11 (crew quarters at AA stowage container location)
which will be run with the AA mounted on its stowage container
slide. The AA air inlet will be pointed perpendicular to the
spacecraft longitudinal axis and away from the couch pad in the
CM.

In-Flight Data

a)
b)

c)

d)
e)

Telemetry - OWS temperature and humidity

Crew Voice Comments - Comments relative to the operation and
conduct of the experiment are to be made by the crew as appro-
priate. v

Log Books - Entries will be made on the experiment log cards
noting the time at the start of the INITIATE CYCLE, AA channel
number, accumulated counts, and activity in progress for each
reading.

Photographs - None

Return Payload - Experiment log cards and Filter Insert Assembly
in container.

For additional details, refer to Appendix A.
Evaluation

Refer to Pre- and Post-Mission Scientific Data Analysis and Reporting
Plan for MSFC Skylab Experiments.
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Experiment TO13* CREW/VEHICLE DISTURBANCES

Obtain data on crew motion disturbance
characteristics and the Attitude and
Pointing Control System.

Purpose and Background

The purpose is to obtain data on crew motion disturbance character-
jstics and performance of the Attitude and Pointing Control System (APCS).

This experiment will provide data to determine discrete and statis-
tical (stochastic) crew motion disturbance characteristics and their
effects on the in-flight performance on the first Control Moment Gyro (CMG)
and experiment isolation systems flown on a manned spacecraft. Specific-
ally, partial and total body motion of an astronaut subject will be
measured by actual body instrumentation, Limb Motion Sensor (LIMS), and
recorded by motion picture photographs. The applied forces and moments
produced by the astronaut will be measured by the force measuring plat-
forms of the Force Measuring System (FMS). Vehicle motions will be sensed
by real-time ATM measurements and performance data will be obtained. All
data will be telemetered to the earth and used to check the validity of
information obtained from mathematical models and ground simulations.

Definition of zero-gravity crew motion disturbance characteristics
is essential for defining allowable crew motions during the performance
of experiments requiring very low acceleration levels or extreme pointing
accuracies. Verification of analytical models of crew motion disturbances
will permit their use in sizing, design, and simulation of control systems
for future manned space missions.

Functional Objectives

® Determine crew motion disturbance characteristics and the effects on
the spacecraft.

FO 1) Perform various body movements in the Orbital Workshop (OWS) using
a LIMS and the FMS.

Performance Requirements

a) Baseline Requirement

FO 1) A crewman will perform various body movements, stationary motions
and translations for approximately 36 minutes using the LIMS and
FMS in the OWS. During the worst-case control system input task,
the subject crewman will perform translation movements between
the two Force Measuring Unit (FMU) platforms and another crewman
will translate between the food locker and a point near the OWS
film vault.

b) Minimum Scheduling Reguirement

FO 1) Same as the baseline requirement, if scheduled (since this is a
candidate experiment)

*
Candidate experiment for this mission - refer to paragraph 2.3.4.1.1(b).
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FO 1)

c)

TO13

Performance Redline

180

Performance Conditions

FO 1)

During the main performance of the experiment, one crewman will
conduct experiment operations with the second crewman monitoring.
The crewman wearing the LIMS device will perform various stationary
motions, per procedures contained in the appropriate checklist,
while attached to one of the FMU platforms of the FMS in the OWS.
The third crewman will remain motionless and will not take part

in this part of the experiment.

Another portion of the experiment will utilize three crewmen, with
one crewman performing translation movements between the two

FMU platforms of the Force Measuring System, and another crewman
soaring between the food locker and a point near the OWS film
vault. This sequence is called the worst-case control system

input task. The crewman wearing the LIMS device will perform

the translation movements between the two FMU platforms of the

FMS. The third crewman, without a LIMS device, will simultaneously
translate between the food locker and a point near the O4S film
vault.

The second crewman will operate the two 16-mm Data Acquisition
Cameras for both of the above described portions of the experiment.
Film and telemetry data time correlation will be accomplished by
the "Time Correlation Sequence" crew procedure.

A11 experiment tasks will be performed once during the mission.

The anti-solar Scientific Airlock (SAL) must not be in use during
experiment operations.

A11 equipment that may interfere with experiment performance must
be cleared from the surrounding area during experiment performance.

During experiment performance, C&D panel No. 2-617 will preclude
concurrent operation of Experiment TO13 with Experiments M092,
MO93, M131, M171, S149, S183, M509, and T027/S073, due to tape
recorder utilization.

A11 non-experiment related physical activity of the crew, includ-
ing vehicle housekeeping functions, will be constrained for
approximately 36 minutes during experiment data collecting.

During the experiment performance, the APCS must be in active
status with the Orbital Assembly (OA) in the solar inertial mode
and automatic CMG desaturation maneuvers inhibited.

Vehicle motions due to crewman movement will be sensed by real-
time ATM measurements. Real-time telemetry transmission of APCS
data is required for a minimum of five minutes during the worst-
case control system input task to permit data transmission at 12
samples per second.
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Experiment data are required by the Principal Investigator or his
representative as soon as possible for a "Quick-Look" evaluation
to determine if an experiment rerun is required. Consideration
for rescheduling should be based on these priorities:

1) Rerun experiment as previously with any film that is
available (same mission).

2) Rerun experiment as previously without film (same mission).

3) Rerun experiment on next mission with LIMS adjustment to
astronaut.

In-Flight Data

a)
b)

c)

d)

e)

Telemetry - ATM measurements of vehicle motion, and experiment
measurements

Crew Voice Comments - Crewmen identification, task identifications,
and comments on task performances

Log Books - Crewman identification, task 1dent1f1cat1ons, and
comments on task performances will be recorded if voice 1ogg1ng
of crew comments was not accomplished.

Photographs ~ Sequence photographs of all activities utilizing
the LIMS

Return Payload - Log books (if voice logging was not accomplished)
and two 400-foot 16-mm film cassettes

For additional details, refer to Appendix A.

Evaluation

Refer to Pre- and Post-Mission Scientific Data Analysis and Reporting
Plan for MSFC Skylab Experiments.
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Experiment T020 FOOT CONTROLLED MANEUVERING UNIT

Test a space locomotion device.
Purpose and Background

The purpose is to test and evaluate a research space locomotion de-
vice to provide confidence and valuable design information for future
experimental hardware.

This experiment is a two-element exploratory program to provide de-
sign and operational exnmerience with a test-bed unit which offers a com-
bination of simplification, reliability, and performance capabilities not
provided with other design approaches. The first element of this program
is the ground-based zero-gravity simulation facilities which are used to
carry out experiment definition, crew training, and engineering evalua-
tion. The second element is the in-flight evaluation carried out in the
Skylab Orbital Workshop. In carrying out this coordinated two-phase effort,
it is expected that a much greater amount of information will be generated
than would be derived from singular independent approaches. The in-flight
portion will yield the most accurate zero-gravity evaluation, but is
limited by the usable volume within the Orbital Workshop (OWS), the rela-
tively short time available for testing, the small number of test varia-
bles and test subjects, and the high costs involved. The ground-based
evaluation serves to overcome these shortcomings, but is hampered to an
unknown degree by simulation artifacts imposed by the earth-gravity envi-
ronment. By providing a commonality of experiment maneuvering tasks for
the two elements, the uncertainties regarding the simulation validity can
be reduced, thereby increasing the value of the ground-based facilities as
a source of information for possible continued maneuvering systems re-
search and development.

Functional Objectives

® Evaluate the Foot Controlled Maneuvering Unit (FCMU) by performing
various unsuited and suited maneuvers.

FO 1) Perform various marneuvers (Mode I) while flying (60%)
the FCMU in shirtsleeves.

FO 2) Perform various maneuvers (Mode IIA) while flying (10%)
the FCMU suited, using the Life Support Umbilical
(LSU).

FO 3) Perform varjous maneuvers (Mode IIB) while flying (30%)

the FCMU suited, using a Secondary Oxvgen Pack (SOP)
in lieu of the LSU.

Performance Requirements

a) Baseline Requirement

FO 1) One crewman will perform at least two acceptable Mode I runs for
pitch, roll, yaw, translation across OWS and stop, translation
across OWS and pitch, and dogleg translation across OWS. In
addition, at least one acceptable Mode I run will be performed
for the tumble maneuver and for the minimum control inputs measure-
ments.
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FO 2)

FO 3)

FO1)
F02)

F03)

FO1)

F02)
FO3)

T020

The same crewman (as in FO 1) will perform at least two accep-
table Mode IIA runs for pitch, roll, yaw, and translation across
OWS and stop. In addition, one run will be performed for the
minimum control inputs measurement.

The same crewman (as in FO 1) will perform at least two accep-
table Mode IIB runs for pitch, translation across OWS and stop,
translation across OWS and pitch, and dogleg transiation across
OWS.

Minimum Scheduling Requirement
None

One crewman will perform one acceptable run of the five Mode IIA
tasks.

None
Performance Redline

One crewman will perform one Mode I run for the first four of
the eight tasks (i.e., pitch, roll, yaw, translate and stop).

None
None

Performance Conditions

FO 1)

Mode I maneuvers will be performed by a8 crewman in all of the
experiment tasks.

The Mode I maneuvers will be performed in accordance with proce-
dures in the appropriate checklist to include the following types
of tasks:

a) Pitch 90°, stop, hold position, return
b) Roll 90°, stop, hold position, return
) Yaw 90°, stop, hold position, return
d) Translate across OWS and stop
)

Translate across OWS and pitch 90° to approach target
chest on

f) Dogleg translation across OWS to the Force Measuring
Unit (FMU)

g) Tumble recovery
h) Measurement of minimum control inputs.

The crewman will perform in the shirtsleeve mode using the back-
pack propulsion gas supply.

The time required for pretest and posttest operations, charging
of three Propellant Supply Subsystem (PSS) bottles (two for use
and one for spare), and battery charging, is approximately 164
minutes. Approximately 90 minutes will be required for flying
time and debriefing.
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FO 2)

FO 3)

T020

Mode IIA maneuvers will be performed by the same crewman as in
Mode I.

The Mode IIA maneuvers will be performed in accordance with

procedures in the appropriate checklist to include the following
types of tasks:

a) Pitch 90°, stop, hold position, return

b) Roll 90°, stop, hold position, return
c) Yaw 90°, stop, hold position, return
d) Translate across OWS and stop.

e) Measurement of minimum control inputs.

The crewman will perform in the pressure-suited mode using the
backpack gas supply, the Pressure Control Unit (PCU) and the LSU.

At least two Mode IIA runs will be attempted but do not have to
be acceptable if problems are associated with the LSU constraints

and not the pressure suit itself. In this case, Mode IIB runs
may be initiated.

The time required for pretest and posttest operations, charging
of two PSS bottles and battery charging is approximately 209
minutes. Approximately 55 minutes will be required for actual
flying time and debriefing.

Mode IIB maneuvers will be performed by the same crewman as in
Modes I and IIA.

The Mode IIB maneuvers will be performed in accordance with

procedures in the appropriate checklist to include the following
types of tasks:

a) Pitch 90°, stop, hold position, return
b) Translate across OWS and stop
c) Translate across OWS and pitch 90° to approach target chest on

d) Dogleg translation across OWS to the FMU.

The crew will perform the pressure suited mode as used for

Mode IIA except that the LSU will be disconnected and SOP will

be used to provide oxygen to the crewman. Approximately 20
minutes is the actual flying time portion of the test. The pre-
test and posttest operations and the debriefing time are included
in the time provided above for Mode IIA presuming that Mode IIB
will be run immediately after Mode IIA. If, however, it becomes
necessary to remove the pressure suit after Mode IIA, then an
additional period of approximately 180 minutes will be required
for pretest and posttest operations and debriefing for Mode IIB.

The performance of Mode IIB is contingent upon the availability
of a usable SOP.

Experiment M509 (Astronaut Maneuvering Equipment) will have
priority over experiment T020 for use of the first available SOP.
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FO 1) The PSS and the battery provided with the M509 (Astronaut

thru Maneuvering Equipment) Automatically Stabilized Maneuvering Unit

FO 3) (ASMU) are required for this experiment. In addition, one SOP
is required for oxygen supply for FO 3 in lieu of using the LSU.
A1l of the maneuvering activities of the experiment will be
photographed. Data Acquisition Cameras (DAC's) will be operated
at two frames per second for all maneuvers except that two short
DAC sequences of 60 seconds each will be taken at 24 frames per
second to show operation of foot controls under conditions of
minimum control inputs for FO 1 and FO 2.

Approximately ten still photographs, using the 35-mm camera, will
be required showing the general experiment setup.

The maximum allowable spacecraft rate about any axis during an
experiment run will be 6 degrees/minute.

A near uniform atmospheric airflow is required across the

OWS floor during the performance of the experiment. Some of

the OWS fans will be turned off to limit the atmospheric flow
velocity to an average of 20 feet per minute over the performance
area.

Mode I must be scheduled at least two days prior to Mode IIA
to prevent over-pressurization of the workshop which would result
in loss of atmosphere gas through the workshop relief valve.

Experiments using the Scientific Airlock shall not be in place
during T020 operations.

The time the crewman will perform in each mode of operation is
summarized by Mode in the following table:

Experiment Run Time (Includes Flying and Debriefing)

Mode ' Time (Min.)

I 90

IIA 55

IIB __20 (or until SOP depletion)
Total Run Time* 165 Minutes

Experiment T020 is assigned to mission SL-3 and to mission SL-4,
At least one of the two crewmen who performs experiment T020
will also perform one set of runs on experiment M509.

In-Flight Data

a) Telemetry - Required telemetry measurements will be recorded on
the Airlock Module recorder for subsequent dumping to the ground.

b) Crew Voice Comments - Comments made by the subject and observer
during each debriefing session during the experiment will be
voice logged.

*
Note: Run times do not include pretest and posttest operations, char-
ging of PSS bottles, or battery charging.
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c) Log Books - None

d) Photographs - Sequence and still photographic coverage

e) Return Payload - Three 140-foot magazines of 16-mm film, one-
half of a 400-foot cassette of 16-mm film, and approximately
10 still photographs using 35-mm film. (Note: The 400-foot
cassette of film will be shared with Experiment M509.)

For additional details, refer to Appendix A.
Evaluation

Refer to Pre-and Post-Mission Scientific Data Analysis and
Reporting Plan for MSFC Skylab Experiments.
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Experiment T027/5073 CONTAMINATION MEASUREMENT AND
GEGENSCHEIN/ZODIACAL LIGHT

Measure surface brightness and
polarization of nightglow and
spacecraft corona.

Purpose and Background

The purposes are: to measure the sky brightness background caused by
solar illumination of the particulate contaminants found about the Orbital
Assembly (OA); to measure the surface brightness and polarization of the
skyglow over as large a portion of the celestial sphere as possible at
several wavelengths in the visible spectrum; and to perform similar measure-
ments at the terminator and with sunlight on the spacecraft to determine
the extent and nature of the spacecraft corona. ‘

The overlap in objectives of Experiments T027 (Contamination Measure-
ment) and SO73 (Gegenschein/Zodiacal Light) Ted to the design of a photo-
meter system which would permit use of the same hardware by both experiments.
Each time the photometer is used, it measures all the light in its field-
of-view (FOV). Scattered 1ight from contaminant material around the OA
must be separated from the total measurement to analyze the skyglow
(primarily zodiacal Tight and starlight). Similarly, quantitative study
of contamination is not possible without knowing the characteristics of
the skyglow. This similarity and the fact that both S073 and 1027 require
knowledge of contamination, starlight, and zediacal light, allows one DTO
to combine all the objectives of Experiment S073 with that portion of
Experiment T027 which employs the Photometer System. A separate DTO covers
the portion of Experiment T027 which employs the Sample Array System which
has the objective of determining the change in optical properties of
various transmissive windows, mirrors, and diffraction gratings due to the
deposition of contaminants found about the OA. '

The Photometer System will measure three parameters which fully
characterize the radiation from the skyglow and the OA corona; i.e., the
total brightness, the brightness of the polarized components, and orien-
tation of the plane of polarization. Measurements pertaining to the
skyglow (zodiacal light, Gegenschein, starlight, F-region airglow) are
best performed on the dark side. Measurements on the sunlit side and at
the terminator will be used to characterize the contaminant cloud and to
provide information on the skyglow.

The principal method of collecting photometric data which will
satisfy experiment objectives is to scan the areas under study (e.g.,
ecliptic plane, anti-solar direction, and other regions of the celestial
sphere). Scanning will be accomplished using complex two-dimensional
routines controlled by the experiment's automatic programmer. The auto-
matic programmer has seven (0 through 6) operating conditions or modes.
These modes define the actual electro-mechanical operation of the photo-
meter system. Within each of these modes from one to five (a, b, c, d, e),
specific programs are operated. These programs are defined by the specific
target desired (Gegenschein, Ecliptic Poles, etc.).

Each program has associated with it specific operating conditions
such as shaft (azimuth) and trunnion (elevation) angles, orbital position
of program start, duration of performance, etc. A description of each
program is given on the following pages.
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MODE AND PROGRAM DESCRIPTION
Mode O CALIBRATION

This mode is a calibration mode which may be performed with the
photometer in any orientation. The instrument is capped and the photometer
looks at a standard calibration source instead of the sky. Each of the 10
filters is used to observe this calibration source for a preselected
(1 to 64) number of times. It is necessary to perform Mode O one time
(10 filters, 2 minutes 5 seconds) prior to the start of every Mode 1 program.
One calibration sequence is automatically performed at the conclusion of
each sequence of Modes 2 through 5.

Program 0a System Monitor

This program is performed at any shaft (azimuth) and trun-
nion (elevation). The photometer is capped, and the sequence
counter is used to cycle through the 10 filters continuously
throughout an entire orbit. This program provides essential
information on system precision and on typical effects of the
changina thermal environment.

The program requires one orbit (94 minutes) to complete
and may be started anywhere in the orbit.

SUR LARTH

START ANYVW/HLERL tN ORBIT

Mode 1 FIXED POSITION

This mode is performed with the photometer in a fixed position. Sky
observations are made for a preselected number of times with all filters
in wheel A and Wheel B.

Program 1la Contamination

A change in brightness and, especially in polarization as
the spacecraft leaves the earth's shadow, is a direct measure
of the effect of the level of contamination (i.e., of the optical
environment of the spacecraft). This program is capable of
providing near real time information on contamination.
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At any time this program is used, it can provide information
on the zodiacal Tight at +90° elongation (angular distance from the
sun). Comparison of observations in the ecliptic and at the ecliptic
poles then gives a measure of the flattening of zodiacal dust toward
the ecliptic.

This program is performed with the photometer pointed in a
direction 90° from the direction to the sun. This direction is
maintained from program initiation in the earth's shadow to a position
in sunlight. At that time, other programs can be performed until the
photometer is in an orbital position 180° from where it is stopped
and is again pointed 90° from the sun. At this point a crewman
changes the trunnion, the shaft being in the ecliptic, and restarts
the program. The program then operates until it is in the earth's
shadow where it is terminated.

Each of the observation periods requires 20 minutes making 40 minutes
the total time required to complete the program. These times do not
include the Mode O calibration time.

-~ —

RESTART

Program 1b Geaenschein

This program is intended as a monitor of short-term
(minutes) changes in brightness and of possible changes associa-
ted with the observing aspect with respect to the earth's shadow.

The program is performed with the photometer pointed in the
anti-solar direction. The orbital positions for starting and
stopping the program are shown below. The observation time is

48 minutes.
STOP
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Program 1c_ Contamination

A preselected region which includes part of the OA is ob-
served before, during, and after an overboard venting. The
program starts prior to leaving the earth's shadow and
continues for some time on the sunlit side.

The total observation time is 20 minutes not including the
Mode 0 calibration time.

Program 1d Ecliptic Poles (N&S)

This program is performed from within the earth's
shadow only. A11 10 filters are used. The short duration
dark periods resulting from high 8 angle orbits are well
suited to this program.

The program requires 10-15 minutes to observe one pole
(north or south).

Program le Celestial Poles (N&S)

This program is particularly important for relating OA
observations to observations being obtained simultaneously
from the ground support station at Hawaii. All 10 filters
are used.
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The program requires 30 minutes to observe one pole (north or
south) and does not include Mode 0 calibration time.

Mode 2 VERTICAL CIRCLE

This mode performs vertical circle scans (scans in trunnion at

fixed shaft). At the conclusion of a vertical circle scan, the shutter
closes, the next filter moves into position, the shutter opens, and the
photometer retraces its steps. This routine is continued until all the
filters have been used. The shaft and range of scan in trunnion are
preset, as are the number of sequences. Mechanical constraints make it
impossible to scan in trunnion continuously through 0° (direction along
the boom toward the sun or anti-sun). Therefore, at 0° trunnion, or at
the appropriate limit (e.g., 15° when using the +Z [Solar] SAL), the
trunnion scan stops, and the mount rotates in shaft before the trun-
nion scan continues (in reverse direction) to the other limit.

Program 2a In Ecliptic

This program is to brovide information on contamination chk-
scattering and on the existence of a gegenschein parallax and is to
be performed anywhere outside the earth's shadow.

The photometer scans in trunnion from 112.5° to the anti-solar o
point at a shaft corresponding to the ecliptic. It then rotates 180
in shaft with the shutter open and continues its scan to -112.5°,

The program requires 19 minutes to complete the observation with
all filters,

START
112.5 DEG

N
-112.5 DEG
\

P
v
/
'/
STOP

SUN
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Program 2c Vertical Circle

In this program, the photometer scans in trunnion at a
shaft corresponding to the ecliptic for at least one scan between
the limits of 0° (the anti-solar point) and 112.5°. When the
scan 1imit is reached, the photometer rotates 90° in shaft and scans
in trunnion to the other 1imit. This operation is repeated for
each of the 10 filters and requires 15 minutes. Each 15-minute
scan is repeated four times during one orbit for a total of 60
minutes being required to complete the observation.

The program is started about 15 minutes before orbital darkness
and is automatically repeated at the end of the first 15-minute scan.
This results in one scan in sunlight and one scan in darkness.

The shaft values are then manually changed and another two sequences
are run.

Orbital conditions that result in at least a 30-minute dark
side pass are highly desirable.

112.5 DEG

STOP

/
/
H

Mode 3 ALMUCANTAR

This mode performs almucantar scans (scans in shaft at fixed trunnion).
At the conclusion of a scan in shaft, the shutter closes, the next filter
moves into position, the shutter opens, and the photometer scans back
along the same path. This routine is continued until all the filters
have been used. The trunnion and range of scan in shaft are preset, as
are the number of sequences.

Program 3a | to Ecliptic

This program is performed inside and outside the earth's
shadow. The trunnion is preset to 90° and the photometer scans
in shaft through its entire range, i.e., 0 to 354°, 354 to 0°,
etc.

The program requires .17 minutes to complete the observa-
tion.
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SUN __.__l

Program 3c Gegenschein

This program is performed in order to examine the wave-
Tength dependence of the Gegenschein before changes in bright-
ness occur. The program scans through the entire range of
shaft at each of two trunnion angles (2.8° and 4.2°) using
all 10 filters. The trunnion must be manually changed.

The program requires 34 minutes to complete including
the manual changing of the trunnion angles.

o —_STOP
/

\ 4
\ @
~ START

Program 3d Contamination

The purpose of this program is to examine the wavelength
dependence of the OA corona before any change in brightness
occurs. The program is performed outside the earth's shadow
and scans through the entire range of shaft at each of two
trunnion angles, 112.5° and 110°, using all 10 filters. The
trunnion angles are changed manually.

The program requires 34 minutes to perform and the program is
to be performed twice: once with the photometer extended a length
of 2 rods and once with the photometer extended a length of 7 rods.

The total observation time, dincluding manual ;runnjon ch@nges,
is 68 minutes and requires an astronaut to monitor intensity and

change the gain.
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sTOP,
110 DEG ’iESTART

112 DEG
— e __

SUN
112 DEG
START

STOP/
RESTART
2

Mode 4 SKY MAPPING

This mode is used to provide detailed maps of limited regions, for
example, near the Gegenschein or the sun by performing a series of almu-
cantar scans (scans in shaft at fixed trunnion) separated in trunnion by
2.8°. A full mapping is performed with one filter before a mapping with

another filter is started. ‘
Program 4a Gegenschein
This program performs concentric scans about the anti-solar
direction. The photometer scans over the entire range of
354° in shaft and from 2.8 to 28.1° in trunnion in steps of

2.8° for one filter. The entire scan is repeated for each
of the 10 filters.

Each scan (1 filter) requires 16 minutes and is performed in
an orbital position to keep the earth out of the field-of-view. It
is desirable to perform part of the program in the earth's shadow
but it should not be a constraint to the operation of the program.

To complete the program using all 10 filters requires 160 minutes
and 10 orbits.

\ / :TART/
ESTART
/
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Mode 5 ALL SKY MAPPING

This mode is used to provide maps of the sky by performing a series
of almucantar scans (scans in shaft at fixed trunnion) separated in
trunnion by 5.6°. A full mapping is performed with one filter before a
mapping with another filter is started.

Program 5a A1l Sky Map

This program performs concentric scans in the anti-
solar direction. The photometer scans over the entire
range of 354° in shaft and from 2.8 to 112.5° in trunnion
in steps of 5.6° for one filter. The entire scan is
repeated for each of the 10 filters.

Each scan (1 filter) requires 32 minutes. To complete
the program using all 10 filters requires 320 minutes and
10 orbits.

STOP-\
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Functional Objectives*

Measure the sky brightness background caused by solar illumination of
the particulate contaminants found about the OA, measure the surface
brightness and polarization of the skyglow over as large a portion of the
celestial sphere as possible at several wavelengths in the visible spectrum
and perform similar measurements at the terminator and with the sunlight
on the spacecraft to determine the extent and nature of the spacecraft
corona.

FO 1) Perform System Monitor Program Oa (FO 1 and FO 2).
FO 2)

FO 3) Perform Contamination Programs la (FO 3, FO 4 and FO 5), 1c (FO 6),
thru and 3d (FO 7).
FO 7)

FO 8) Perform In Ecliptic Program 2a (FO 8, FO 9 and FO 10).
thru
FO 10)

FO 11)  Perform Vertical Circle Program 2¢ (FO 11).
FO 12)  Perform A11 Sky Map Program 5a (FO 12).

FO 13)  Perform Celestial Pole (N) Program le (FO 13, FO 14 and FO 15)
thru ) and Celestial Pole (S) Program le (FO 16, FO 17 and FO 18).
FO 18

FO 19)  Perform Gegenschein Programs 1b (F0 19, FO 20 and FO 21), 3¢ (FO 22
thru \ and FO 23) and 4a (FO 24 and FO 25),
FO 25

FO 26)  Perform | to Ecliptic Program 3a (FO 26, FO 27 and FO 28).
thru
FO 28)

FO 29)  Perform Ecliptic Pole (N) Program 1d (FO 29) and Ecliptic Pole
FO 30) (S) Program 1d (FO 30).

Performance Requirements
a) Baseline Requirement

FO 1) Thirty performances of the. Photometer System Programs as
thru presented in Table I are required.
FO 30)

b) Minimum Scheduling Requirement

FO 1) Twenty performances of the Photometer System Programs as
thru presented in Table I are required.
FO 30)

c) Performance Redline

FO 1) Continue to schedule toward the minimum scheduling requirement,
thru

FO 30)
*Due to the compTex interrelationships between the various programs, it ‘
is impossible to assign a meaningful Percentage value to each functional

objective,
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Performance Conditions

FO 1) Program Oa (FO 1 and FO 2) will be performed twice during the
FO 2) mission.

When Program Oa performed for the first time(FO 1), it is manda-
tory that Program 1a (FO 3) be performed during the same deploy-
ment period. It is highly desirable that these initial perfor-
mances occur prior to the beginning of ATM experiment operation.*

When Program Oa (FO 1 and FO 2) is performed, the photometer will
be at 2 rods.

FO 3) Program 1a(FO 3, FO 4 and FO 5) will be performed three times
thru during the mission.
FO 5)

When Program la is performed for the first time FO 3), it is
mandatory that Program Oa FO 1) be performed during the same de-
ployment period. It is highly desirable that these initial perfor-
mances occur prior to the beginning of ATM experiment operation.*

During the entire first performances of Program la (FO 3), a
crewman will be present to monitor intensity and change the gain
if necessary.

For one-half (i.e., 20 minutes) of each performance of Program

Ta (FO 3, FO 4 and FO 5) the photometer will be at 7 rods. The
remaining half will be at Z rods. The order of performance should
be consistent with temperature requirements. Power and telemetry
should be Teft on when changing rod lengths. -

Whenever, Program 1a FO 3, FO 4 and FO 5) is performed, the CMG
dump will be inhibited.

FO 6) Program 1c (FO 6) will be performed once during the mission.

Program 1c (FO 6) will be commenced prior to the initiation of
a 1BD contamination event and is to continue in operation during
and after the contamination event.

Program 1c (FO 6) will be performed with the photometer at 2 rods.
FO 7) Program 3d (FO 7) will be performed once during the mission.

Program 3d (FO 7) requires an astronaut to monitor intensity and
change the gain, the trunnion, and the number of rods.

For one-half (i. e., 34 minutes) of the total performance of Pro-
gram 3d (FO 7) the photometer will be at 7 rods. The remaining
half will be at 2 rods. The order of performance should be
consistent with temperature requirements.

Power and telemetry should be left on when changing rod lengths.

* This does not mean, however, that the start of ATM operations is in any
way contingent upon the performance or results of T027/S073.
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FO 31)

FO 11)

FO 12)

FO 13)
thru
FO 18)

T027/5073

Program 2a (FO 8, FO 9 and FO 10) will be performed three times
during the mission.

Program 2a (FO 8, FO 9 and FO 10) will be preformed with the
photometer at 2 rods and the CMG dump will be inhibited.

Inertial orientation modes with random rates below 0.05 degree/
second are perferred. Constant rates up to 0.1 degree/ second
causing secular changes in orientation are acceptable if they

do not result in a loss of the designated target. Generally, if
the particular scan is fixed or moving in the opposite direction
to the spacecraft, the target could be lost. A back and forth or
circular scan probably would not result in a target loss.

Angular accelerations which result in rates less than 0.5 degree/
second are acceptable.

Program 2c (FO 11) will be performed once during the mission.

Program 2c(FO 11) will be performed with the photometer at 2.
rods and the CMG dump will be inhibited.

A dark side pass greater than 30 minutes in duration is highly
desirable.

Program 5a (FO 12) will be performed once during the mission.

Program 5a (FO 12) should be performed during the first deploy-
ment of the photometer because of the high priority of the
program.

Program 5a (FO 12) will be performed with photometer at 2 rods.
Program 5a (FO 12) requires the use of orbital counter.

If scheduling is a problem with Program 5a (FO 12) due to the 10
orbit requirement, the number of filters and hence the number of
orbits may be reduced to eight.

Program le will be performed six times during the mission: three
North Celestial Pole observations (FO 13, FO 14 and FO 15) and
three South Celestial Pole observations (FO 16, FO 17 and FO 18).

The first two of these six performance will include both North
and South Celestial Pole observations in any order, but separated
by no more than two days. Likewise, the middle two and the last
two of these six observations in any order, but separated by no
more than two days.

It is highly desirable that at least one North Celestial Pole
(FO 13, FO 14 and FO 15) observation be within one week of the
new moon and coordinated with ground observations at Hawaii.

A11 observations will be made with the photometer at 2 rods and
the CMG dump will be inhibited.
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Program 1b (FO 19, FO 20 and FO 21) will be performed three times
during the mission,

It is highly desirable that at least one performance of Program
1b (FO 19, FO 20 and FO 21) be made within one week of the new
moon and coordinated with ground observations at Hawaii.

Program 1b (FO 19, FO 20 and FO 21) will be performed with the photo-
meter at 2 rods and the CMG dump will be inhibited.

Program 3c (FO 22 and FO 23) will be performed twice during the
mission.

Program 3c (FO 22 and FO 23) requires a crewman to manually
change the trunnion halfway through the program.

Program 3c (FO 22 and FO 23) will be performed with the photo-
meter at 2 rods and the CMG dump will be inhibited.

Program 4a (FO 24 and FO 25) will be performed twice during the
mission.

Program 4a (FO 24 and FO 25) will be performed with the photo-
meter at 2 rods. '

Program 4a (FO 24 and FO 25) requires the use of the orbital
counter and may be performed during a crew day off or a sleep
period.

If scheduling is a problem with Program 4a (FO 24 and FO 25) due
to the 10-orbit requirement, the number of filters and hence the
number of orbits may be reduced to eight.

Program 3a (FO 26, FO 27 and FO 28) will be performed three times
during the mission, :

Program 3a (FO 26, FO 27 and FO 28) will be performed with the
photometer at 2 rods and the CMG dump will be inhibited.

Program 1d (FO 29 and FO 30) will be performed twice during the
mission: one North Ecliptic Pole observation (FO 29) and one
South Ecliptic Pole observation (FO 30). It is highly desirable
that the North Ecliptic Pole observation (FO 29) be coordinated
with ground observations at Hawaii.

Program 1d (FO 29 and FO 30) will be performed with the photo-
meter at 2 rods and the CMG dump will be inhibited.

Table I 1lists 30 desired performances of Photometer System Pro-
grams and their relative priority. It is desirable to perform
the Photometer System Programs in relative order of priority,
however, for flight planning convenience this is not an absolute
requirement.

Table II summarizes some of the more salient conditions as
they apply to scheduling the various programs.

The experiment will be mounted in the anti-solar SAL, the film
magazine installed, and the photometer deployed per procedures
contained in the appropriate checklist.
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An astronaut will set up mode sequences, limit values for shaft
and trunnion and other appropriate switches, and initiate the
scan sequences. When other duties permit, however, it will be
highly desirable for an astronaut to monitor detector signal
levels and programmer functions and make verbal and/or written
record relative to experiment operation. This particularly
applies to any condition which might degrade results, such as
changes in the optical environment around the OA.

T027/5073 shares the extension mechanism with $149 and the opera-
tional TV camera, and, therefore, cannot be scheduled concurrently.

When mounted in the SAL, the Photometer System will protrude in-
to the operational volume required by M509 (Astronaut Maneuvering
Equipment) and T020 (Foot Controlled Monitoring Unit). In ad-
dition, M509 will use the tape recorder used to record Photometer
System data. T027/S073, therefore, should not be scheduled con-
currently with M509 or T020.

When mounted in the SAL the photometer system will protrude into
the operational volume required by the soaring performance of
TO13 (Crew/Vehicle Disturbances) and should not be scheduled
concurrently.

T027/5073 cannot be scheduled concurrently with M092 (In-Flight
Lower Body Negative Pressure), M093 (Vectocardiogram), M171
(Metabolic Activity) and any operational biomedical measurements
due to the requirement for 320-sample per second data channels in
the Airlock Module (AM).

The Photometer head temperature should be above the dewpoint
before the film magazine is removed to avoid fog or frost on the
optics and to prevent acceleration of corrosion due to excess
moisture on precision surfaces and delicate components.

A11 exterior OA lights must be turned off and all OA and Command
Module windows that would interfere with experiment operation
must be covered during data collection.

Photographic data will be obtained from the 16-mm Data Acquisition
Camera (DAC) which is in the photometer head of the Photometer
System. Photographs will automatically be taken by the Photo-
meter System by single frames during an observation program.

The film magazine will be placed in the Orbital Workshop (OWS)
film vault before and after exposure and returned to earth in the
Command Module (CM).

Solar inertial or any other known inertial orientation is most
desirable.

Major maneuvers of the OA must not occur during experiment data
collection.

After applying power to the Photometer System, a 5-minute warmup
time is required prior to data collection.
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The photometer shall not be pointed within 15 degrees of the moon
or the sun during experiment data taking.

When the photometer is installed in the SAL, the electrical power
is to be left on when not in a data taking mode.

The photometer must be inside the SAL with the SAL door closed
during and for at least 15 minutes after any CSM RCS firing.

Use moderate hand torque when assembling Photometer System ex-
tension rods (approximately 40 in/1bs; design limit 160 in/1bs
maximum).

A1l scans planned for a two-rod operation out the anti-solar SAL
may be performed at seven rods if desired.

Data

a)

b)

Evaluation

Telemetry - The Photometer System parameters will be recorded for
subsequent playback and transmission to the ground.

Selected OWS housekeeping parameters will be recorded for subse-
quent playback and transmission to the ground.

Crew Voice Comments - Comments concerning experiment preparation,
operation, and post-operational tasks will be recorded for subse-
quent playback and transmission to the ground.

Log Books - None

Photographs - 16-mm DAC photographs will be taken automatically
by the Photometer System during the performance of a program.

Return Payload - Three 16-mm film magazine assemblies.
For additional details, refer to Appendix A.

Refer to (Pre- and Post-Mission Scientific Data Analysis and Reporting
Plan) for MSFC Skylab Experiments.
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Table I.

PRELI

Desired Performance of Photometer System Programs

IARY

PRELIMINARY
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3.2,5 Student Investigations
3.2.5.1 General

Student investigations were selected from a national competition of
high school students. These investigations are related to earth observa-

tions, astronomy, biology/physiology, behavioral science, zoology, botany,
and physics.

3.2.5.2 Student Investigation Assignments

The student investigations assigned to the SL-3 mission are:
ED11* Atmospheric Absorption of Heat

ED12* Volcanic Study

ED21 Libration Clouds

ED22* Objects Within Mercury's Orbit

ED25 X-Rays From Jupiter

ED32 In Vitro Immunology

ED52 Web Formation

ED63 Cytoplasmic Streaming

ED74 Mass Measurement

ED76 Neutron Analysis
‘ The student investigation DT0's (except for ED76) are presented in
alphanumeric order on the following pages. A DTO for ED76 has not been
included since the six neutron flux detectors, to be retrieved at the
end of the SL-4 mission, are to be deployed during the SL-1/SL-2 mission.
Thus, no crew action is required for ED76 during the SL-3 mission.

* Candidate investigation for mission SL-3 - refer to paragraph 2.3.4.1.2.
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Student Investigation ED11* ATMOSPHERIC ABSORPTION OF HEAT

Obtain infrared spectral data.
Purpose and Background

The purpose is to determine the attenuation of radiation in the

visible and near IR regions caused by the earth's atmosphere over indus-
trialized and non-industrialized sites.

S191 data taken over the 0.4 to 2.4 micron region will be used to
attempt to determine the atmospheric attenuation of earth-reflected radia-
tion. These data should be obtained from heavily populated and sparsely
populated areas to assess the effects of natural and man-made phenomena on
the atmosphere. These data will be used to determine if man-made atmospheric
changes will contribute to long-term changes in the weather. The

Skylab sensor data will be augmented by incident and reflected ground truth
data as available.

Photographic data from S190A and S190B will be used to aid in the
interpretation of the S191 data.

Functional Objectives

® Obtain Earth Resources Experiment Package (EREP) data to investigate
the atmospheric attenuation of radiation in the visible and near IR regions.

FO 1) Obtain S190A (Multispectral Photographic Cameras), S190B (Earth
Terrain Camera), and S191 (Infrared Spectrometer) data from the
White Sands, New Mexico area as available from other earth resour-
ces investigations. The coordinates of the area of interest are
32°40'-33°30'N; 106°08'-106°20'W.

FO 2) Obtain S190A, S190B, and S191 data from the Houston Area Test
Site (HATS) as available from other earth resources investigations.
The coordinates of this site are 28°00'-31°00'N; 94°00'-97°00'W.

FO 3) Obtain S190A, S190B, and S191 data from the four corners area
(of New Mexico, Colorado, Utah and Arizona) as available from
other earth resources investigations. The coordinates of this
site are 36°42'N; 108°29'W.

Performance Requirements

a) Baseline Requirement

FO 1) This investigation will be accomplished on a data duplication

thru basis and no additional crew action over that necessary for the

FO 3) baseline EREP observations is required for its implementation.
Performance requirements for this investigation are the same as
for baseline EREP experiments and are contained in Appendix B to
this document.

b) Minimum Scheduling Requirement

FO 1) Scheduling considerations and film requirements for this investi-

thru gation will be dependent upon test conditions affecting the base-

FO 3) line earth resources investigations; therefore, minimum schedul-
ing requirements are not appropriate for ED11.

*
Candidate investigation for this mission - refer to paragraph 2.3.4.1.2.
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¢) Performance Redline

FO 1) Not applicable; see (b) above.
thru
FO 3)

Performance Conditions

FO 1) This investigation will be accomplished on a data duplication

thru basis. Performance conditions for this investigation are

FO 3) identical to other earth resources investigations and are
contained in Appendix B to this document.

In-Flight Data

Data requirements are the same as for other approved earth resources
investigations using these sites and are shown in Appendix B to this
document.

Evaluation

These data will be used to determine the atmospheric attenuation of
incident and reflected radiation when the atmosphere is in a natural state
and when the atmosphere is modified by surface emissions.

Ground truth data on incident and reflected radiation as available
will be compared with the Skylab sensor data to determine the extent of
atmospheric attenuation.

Reporting will be conducted in accordance with Section 10 of the ED11
Experiment Requirements Document.

The Student Investigator will conduct this investigation in affilia-
tion with appropriate EREP Principal Investigators.

The S190A, S190B, and S191 data will be processed by JSC prior to its
delivery to the student. ’
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Student Investigation ED12* VOLCANIC STUDY

Obtain thermal infrared data.
Purpose and Background

The purpose is to investigate the feasibility of predicting volcanic
eruptions using thermal infrared data obtained by remote sensors.

Data from the Earth Resources Experiment Package (EREP) sensors will
be used, with ground observations as available, to monitor heat changes in
volcanic areas. The objective of this exneriment is to determine if it is
possible to predict with accuracy volcanic eruptions from spaceborne sensor
data. This would permit the future establishment of a warning system
similar to those used for meteorological predictions.

A number of volcanoes are currently monitored by observatories. The
space acquired data would be used to supplement and/or confirm the observa-
tory data.

Functional Objectives

® Obtain EREP data to determine the feasibility of using remote sensor
thermal data to predict volcanic activity. :

FO 1) Obtain S190A (Multispectral Photographic Cameras), S190B (Earth
Terrain Camera), S191 (Infrared Spectrometer), and S192 (Multi-
spectral Scanner) data from one or more of the following sites:

Concepcion, Nicaragua
11°32'N; 85°39'W

Masaya, Nicaragua
11°57'N; 86°09'W

Cerro Negro, Nicaragua
12°30'N; 86°30'W -

Telica, Nicaragua
13°00'N; 86°00'W
Performance Requirements

a) Baseline Regquirement

FO 1) This investigation will be accomplished on a data duplication
basis except that S191 data will be obtained specifically for EDI12.
Thus performance requirements for this investigation are similar to
EREP baseline volcano investigations and are contained in
Appendix B to this document.

b) Minimum Scheduling Requirement

FO 1) Scheduling considerations and film requirements for this investiga-
tion will be dependent upon test conditions affecting the baseline
volcano investigations; therefore, minimum scheduling requirements
are not appropriate for ED12.

*Candidate investigation for this mission - refer to paragraph 2.3.4.1.2.

3-239



ED12

c) Performance Redline
FO 1) Not applicable; see (b) above.
Performance Conditions

FO 1) With the exception of activating the Infrared Spectrometer,
performance conditions for this investigatinn are identical to the
EREP baseline volcano investigations (i.e., the ST90A Multispectral
Photographic Cameras, S190B Earth Terrain Camera, and S192 Multi-
spectral Scanner will be operated in accordance with sensor re-
quirements specified for the baseline volcano investigations as
detailed in Appendix B to this document).

Additionally, the S191 Infrared Spectrometer will be operated in
the crew tracking mode during operation of the other sensors and
cameras (S190A, S190B, and S192) required for this investigation.

In-Flight Data

Data requirements are the same as for other approved earth resources
investigations using these sites, with the exception that S191 data must
be recorded. The in-flight data requirements are shown in Appendix B
to this document.

Evaluation

These data will be used to evaluate the determination of volcano
thermal characteristics from space sensors. An investigation will be
made to correlate these data with volcano activity predictions.

Reporting will be conducted in accordance with Section 10 of the
ED12 Experiment Requirements Document.

The Student Investigator will conduct this investigation in affilia-
tion with appropriate EREP Principal Investigators.

The S190A, S190B, S191, and S192 data will be processed by JSC prior
to its delivery to the student.
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Student Investigation ED21 LIBRATION CLOUDS

Obtain dust accumulation data.
Purpose and Background

The purpose is to study two lunar libration regions to verify the
accumulation of dust in these regions. Photography should reveal the
existence of particle clouds collected due to the zero force field in the
selected libration regions.

Additionally, data obtained in various portions of the earth's orbit
around the sun will be used to determine variations in size or brightness,

if any, of the clouds in these libration regions as a function of orbital
position.

Functional Objectives

® Determine the existence of dust cloud accumulation in lunar libration
regions (Lagrangian points L4 and L5) and their variation in size or
brightness as a function of orbital position, through the use of S052
White Light Coronagraph data.

FO 1) Obtain S052 White Light Coronagraph data of lunar libration
points (Lagrangian points L4 and L5).

Performance Requirements

a) Baseline Requirement

FO 1) The Scheduling Guidelines section of the Apollo Telescope Mount
(ATM) Joint Observing Program 10 (JOP-10) specifies that ATM
Building Block 1 (BB-1) or BB-2 is to be performed two times per
orbit for each orbit that the libration cloud is in the field-of-
view of S052 to gather Tunar libration region data as dependent
on solar conditions and film availability. ED21 will utilize $052
data from these observations.

b) Minimum Scheduling Requirement

FO 1) The scheduling of ATM JOP-10 by the ATM Principal Investigators
will be dependent on solar conditions and film availability.
ED21 will use whatever JOP-10 data are obtained; therefore, minimum
scheduling requirements are not appropriate.

c) Performance Redline
FO 1) Not applicable; see (b) above.
Performance Conditions

FO 1) This investigation will utilize data obtained from an existing
baseline experiment with no modification in hardware or proce-
dures. This investigation, therefore, does not impact mission
requirements and is classified as a data duplication investigation.
The Performance Conditions are identical to those delineated in
the Scheduling Guidelines portion of the ATM JOP-10 section
of this document.
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In-Flight Data

a)
b)
c)
d)

e)

Telemetry - None
Crew Voice Comments - None
Log Books - None

Photographs - Photographs from Experiment S052 (White Light
Coronagraph)

Return Payload - None. ({Note: Appropriate film will be part of
the Experiment S052 return payload.)

For additional details, refer to Appendix A.

cvailudtion

The data obtained from Experiment S052 (White Light Coronagraph)
will be utilized to verify the accumulation of dust in the lunar libration
regions, if any, and to determine the variation in size or brightness of
the dust cloud, if any, as a function of the earth's orbital period.

The Student Investigator (SI) will be affiliated with Dr. Robert
MacQueen of the High Altitude Observatory, Boulder, Colorado, and the
observatory will provide appropriate photographs for evaluation by the SI.

Reporting will be conducted in accordance with Section 10 of the
ED21 Experiment Requirements Document.
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Student Investigation ED22* OBJECTS WITHIN MERCURY'S ORBIT
Obtain coronagraphic data.
Purpose and Background

There have been unconfirmed reports of sightings of objects within
the orbit of the planet Mercury. The Skylab Program offers an opportunity
for a clear and undistorted view of the portion of Mercury's orbit near the
Sun. The Skylab mission will allow the long-term observations and periodic
photography required for the purpose of detecting such objects, if any, in
Mercury's orbit.

Functional Objectives

® Obtain data to be used to investigate reports of objects within the
orbit of the planet Mercury.

FO 1) Obtain S052 White Light Coronagraph data of the interior portion
of Mercury's orbit.

Performance Requirements
a) Baseline Requirement

FO 1) Apollo Telescope Mount Joint Observing Program 6 (ATM JOP-6),
Synoptic Observations of the Sun, requires that S052 be operated
as part of ATM Building Block 1 (BB-1) two times per day. Addi-
tionally, it is desired that S052 be operated as part of BB-2
once every two hours throughout the manned portion of the mission.
ED22 will utilize S052 data from these observations when
Mercury's orbit is within the S052 field of view. Additional
information regarding this investigation is provided in the ATM
JOP-6 section of this document.

b) Minimum Scheduling Requirement
FO 1) The scheduling of ATM JOP-6 by the ATM Principal Investigators
will be dependent on solar conditions and the amount of film

available. ED22 will use whatever JOP-6 data are obtained, and,
therefore, minimum scheduling requirements are not appropriate.

¢) Performance Redline
FO 1) Not applicable; see (b) above.
Performance Conditions

FO 1) This investigation will utilize data obtained from an existing
baseline experiment with no modification in hardware or procedures.
This investigation, therefore, does not impact mission require-
ments and is classified as a data duplication investigation. The
Performance Conditions are identical to those delineated in the
Scheduling Guidelines portion of the ATM JOP-6 section of this
document.

*
Candidate investigation for this mission - refer to paragraph 2.3.4.1.2.
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In-Flight Data

a)
b)
c)
d)

e)

Telemetry - None
Crew Voice Comments - None
Log Books - None

Photographs - Photographs from Experiment S052 (White Light
Coronagraph)

Return Payload - None., (Note: Appropriate film will be part of
the Experiment S052 return payload.)

For additional details, refer to Appendix A.
Evaluation

The data obtained from the White Light Coronagraph will be utilized

by the Student Investigator (SI) in an attempt to locate objects within the
orbit of the planet Mercury.

The SI will be affiliated with Dr. Robert MacQueen of the High
Altitude Observatory, Boulder Colorado, and the observatory will prov1de
appropriate photographs for evaluation by the SI.

Reporting will be conducted in accordance with Section 10 of the ED22
Experiment Requirements Document.
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Student Investigation ED25 X-RAYS FROM JUPITER

To Be Supplied.
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Student Investigation ED32 IN VITRO IMMUNOLOGY

Determine the effects of zero gravity
on antigenicity in vitro.

Purpose and Background

The purpose of this investigation is to determine the effect of
zero gravity on the antigen-antibody reaction.

The antigen-antibody reaction is the immune-response mechanism which
helps man to protect himself against certain infections. This process
will be tested by reacting human antigen against an agar suspension of
specific antibodies.

The antigen will be injected into immunodiffusion plates containing
the agar. The antigen will diffuse through the plates forming a precipi-
tate which will appear as a cloudy white ring surrounding the hole. The
diameter of the rings is a function of the concentration of the antigen
and antibodies. Photographs of the rings in the agar will be returned
to earth for analysis.

Functional Objectives

® Determine the effect of zero gravity on the antigen-antibody reaction.

FO 1) Inject various concentrations of antigen into immunodiffusion
plates, incubate, and photograph the resulting precipitin rings.

Performance Requirements

a) Baseline Requirement

FO 1) Three immunodiffusion plates will be inoculated with antigen and
incubated. The resulting precipitin rings will be photographed.

b) Minimum Schedule Requirement

FO 1) Two immunodiffusion plates will be inoculated with antigen and
incubated. The resulting precipitin rings will be photographed.

c) Performance Redline

FO 1) One immunodiffusion plate will be inoculated with antigen and
incubated. The resulting precipitin rings will be photographed.

Performance Conditions

FO 1) The astronaut will perform the investigation in accordance with
procedures contained in the appropriate checklist. Three pre-
filled dispensers, containing diluted antigen, will be used to
place the required amount of antigen in each of the cavities in
three immunodiffusion plates. Each plate has six cavities. The
two cavities in each plate nearest the "T" will be used for one
concentration of antigen, the middle cavities will be used for a
second concentration, and the remaining cavities will be used
for a third concentration,
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After the antigen has been placed in each cavity in the immuno-
diffusion plates, the covers will be closed and the plates will
remain at cabin temperature for 24 +2 hours.

Upon termination of the incubation period, the cover of each
plate will be removed and the plate will be photographed using a
35-mm Nikon F camera with a 55-mm lens, a Nikon E-2 adaptor, and
high speed Ectachrome film type S0168. Six photographs will be
taken, two of each immunodiffusion plate.

The immunodiffusion plates and antigen are temperature sensitive.
During the launch phase, the immunodiffusion plates and antigen
will be kept in a passive cooler which will be launched in the
Command Module (CM).

Once in orbit, the astronaut will transfer the passive cooler

from the CM to the Orbital Workshop (OWS) food chiller for refrig-
eration until the investigation is performed. It is highly
desirable that the passive cooler be transferred from the CM to
the OWS food chiller within two days after launch of the CM and

it is mandatory that transfer be accomplished within four days
after launch of the CM. '

The performance of this investigation must begin within 15 days
after the launch of the CSM.

In-Flight Data

a)
b)

c)

d)

e)

Telemetry - Orbital Workshop (OWS) temperature

Crew Voice Comments - Time of transfer of the passive cooler,
inoculation of antigen, incubation period, and photographic
observations

Log Books - The same type of data defined under Crew Voice
Comments above may be entered in crew logs in addition to or
instead of crew voice records.

Photographs - Six photographs of the precipitin rings on the
immunodiffusion plates

Return Payload - Log books (if voice logging was not accomplished)
and one 50-frame cassette of 35-mm film (shared with ED52)

For additional details, refer to Appendix A.
Evaluation

The Student Investigator will compare the photographs of the
immunodiffusion plates with ground control test photographs to
determine the effects of zero gravity on the antigen-antibody reaction.

Reporting will be conducted in accordance with Section 10 of the ED32
Experiment Requirements Document.

3-248




Student Investigation ED52 WEB FORMATION

Obtain data on spider web spinning
process in zero gravity.

Purpose and Background

The purpose is to observe the web building process of the Araneus
diadematus (cross) spider in the Orbital Workshop (OWS) environment.

The quality of a spider's web is a clue to the state of its neurolo-
gical system. For example, spiders under the influence of caffein con-
struct an irregular and haphazard web, indicating hyperactivity of its
neurological system. The results of this investigation may be used to
determine if the spider can use its sense of touch to compensate for the
loss of balance caused by the zero gravity environment. The quality of
the web it spins will provide a clue to its reaction to a weightless
environment.

Ground control investigations will be conducted for data correlation
purposes. '

Functional Objectives

® Determine the effects of zero gravity on the spider web building
process.

FO 1) Obtain motion pictures of the web building process.
FO 2) Observe and obtain still photographs of webs.
Performance Requirements

a) Baseline Requirement

FO 1) Obtain motion picture records of the web spinning process for
a maximum of 20 days or until motion pictures of three web
building processes have been obtained or until one 400-foot
cassette of 16-mm film is exposed.

FO 2) Obtain three still photographs each of three webs.
b) Minimum Scheduling Requirement

FO 1) Obtain motion pictures of two of the web building attempts if
web building is not successful, or motion pictures of one web
building process if a web is spun.

FO 2) Obtain three still photographs each of two webs.

c¢) Performance Redline

FO 1) Obtain motion pictures of one web building process or one attempt
at web building.

FO 2) Obtain one still photograph of one web.
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Performance Conditions

FO 1) The investigation will be activated (cage deployed, camera and

FO 2) Automatic Camera Actuator turned on, and the spider released
from its vial) in accordance with the appropriate checklist as
early in the mission as possible and no later than three days
from CSM launch.

The equipment will be deployed in the forward dome area for a
maximum of 20 days. If no evidence of web spinning is observed
within 20 days of the release of the spider, the investigation may
be terminated.

Two spiders will be launched. If the first spider released remains
inactive for a period of approximately 10 days (no webs spun and

no film exposed) it should be returned to its vial and the second
spider released for the remainder of the investigation period.

It is desirable that the 1ight intensity in the forward dome
area be reduced to the minimum possible level during crew sleep
periods while Student Investigation ED52 is activated.

FO 1) The web spinning process shall be recorded by a Data Acquisi-
tion Camera (DAC) operated by the Automatic Camera Actuator at
6 frames/sec using one 400-ft film cassette.

The DAC and Automatic Camera Actuator will be activated for a
maximum of 20 days or until 1) motion pictures of three web spinning
processes have been obtained or 2) the 400 feet of 16-mm film
allocated for this investigation have been exposed.

A11 of the ED52 hardware may be stowed in an out of the way
location during conduct of Experiments M509 (Astronaut Maneuvering
Unit) and T020 (Foot Controlled Maneuvering Unit).

FO 2) Except on crew off-duty days, a crewman will check the spider
cage once each day from the time the investigation is deployed
until the first web has been built. Once a web has been built,
it will be photographed three times with the 35-mm still camera.

After the first web has been built, one of the following
conditions will exist:

a) If FO 1 has been completed, a crewman will check the spider
cage every other day and obtain three still photographs each
of up to two subsequent webs.

b) If FO 1 has not been completed, a crewman will check the
spider cage every day and obtain three still photographs each
of up to two subsequent webs.

These observations will be continued until a total of three
webs have been built or until a total of 20 days has elapsed
from the time of investigation activation.
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In-Flight Data

a)
b)

Telemetry - None

Crew Voice Comments - The following will be voice recorded for
subsequent play-back and transmission to the ground:

1) Time of observation of the spider cage

2) Comments regarding presence or absence of web

3) Time of obtaining still photographs of webs

4) Quantity of 16-mm film expended at each observation

Log Books - The same type of data defined under crew voice
comments above may be recorded in crew logs in addition to or
instead of crew voice records.

Photographs - A maximum of one 400-ft magazine of 16-mm film
and a maximum of nine 35-mm still photographs

Return Payload - Log books (if voice logging was not accomplished)

and one 50 frame cassette of 35-mm film (shared with ED32) and
one 400-ft cassette of 16-mm film

For additional details, refer to Appendix A.

Evaluation
The Student Investigator shall perform a similar ground investigation

using applicable flight parameters and compare the results with those
obtained in flight.

Reporting will be conducted in accordance with Section 10 of the ED52

Experiment Requirements Document.
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Student Investigation ED63 CYTOPLASMIC STREAMING

Observe cytoplasmic streaming in a
zero gravity environment.

Purpose and Background

The purpose of this investigation is to observe the effects of zero
gravity on the cytoplasmic streaming of the elodea plant.

This streaming phenomenon is apparently involved in the metabolic
functions of the cell. Energy distribution, chloroplast orientation for
photosynthesis, and transportation of other cellular contents are involved.
This investigation may provide basic insight into cellular function.

Functional Objectives

® Determine the effects of zero gravity on the cytoplasmic streaming
of the elodea plant.

FO 1) Observe and photograph cytoplasmic streaming of the elodea plant
seven to ten days after launch of the Command Module (CM).

FO 2) Observe and photograph cytoplasmic streaming of the elodea plant
15 to 18 days after launch of the CM.

FO 3) Observe and photograph cytoplasmic streaming of the elodea plant
23 to 30 days after launch of the CM.

Performance Requirements

a) Baseline Requirement

FO 1) Observe and photograph cvtoplasmic streaming of the elodea plant
FO 2) three times during the mission.
FO 3)

b) Minimum Scheduling Requirement

FO 1) Observe and photograph cytoplasmic streaming of the elodea plant
FO 2) two times during the mission, once seven to ten days after launch
FO 3) of the CM, and once 13 to 30 days after launch of the CM.

c) Performance Redline

FO 1) Observe and photograph cytoplasmic streaming of the elodea plant
FO 2) once during the mission.
FO 3)

Performance Conditions

FO 1) The astronaut will observe and photograph cytoplasmic stream-
ing of the elodea Tleaf cells 7 to 10 days after launch of the
CM. Following this observation, the microscope slide, cover slip,
and vial of elodea used for this observation will be disposed of
in the trash airlock and the tweezers will be cleaned with a bio-
wipe.
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FO 2) The astronaut will observe and photograph cytoplasmic streaming
of the elodea leaf cells 15 to 18 days after launch of the CM.
Following this observation, the microscope slide, cover slip,
and vial of elodea used for this observation will be disposed
of in the trash airlock and the tweezers will be cleaned with a
biowipe.

FO 3) The astronaut will observe and photograph cytoplasmic stream-
ing of the elodea leaf cells 23 to 30 days after launch of the CM.

Following this observation, all ED63 equipment will be disposed of
in the trash airlock.

FO 1) The astronaut will perform the cytoplasmic streaming observations
FO 2; in accordance with procedures contained in the appropriate check-
FO 3 list.

Within three days after launch of the CM, the astronaut will

deploy three vials, each containing a spring of elodea, in an

area which will provide approximately 20 foot-candles of illumina-
tion. This level of illumination should be provided for at least
14 hours per day for the duration of the investigation (~ 30 days).

A spotmeter reading of the light intensity impinging on the vials
will be taken in accordance with the appropriate checklist
at the time the vials are deployed.

Prior to opening the vials, the astronaut will examine the
contents for overgrowth of microbes (not algae). If excessive
growth of microbes is noted, the vials will be disposed of in the
trash airlock.

The astronaut will prepare a microscope slide of an elodea leaf
from the most viable plant for each of the observations. Prior
to an observation, the prepared slide will be held as close as
possible to an Orbital Workshop (OWS) 1ight source for a period
of approximately 2 minutes to stimulate streaming.

The astronaut will observe and photograph cytoplasmic stream-

ing of the elodea leaf cells at 400X magnification with the IMSS
microscope, microscope adapter, and data acquisition camera (DAC)
combination.

The astronaut will expose a maximum of 50 feet of 16-mm film at
a frame rate of 6 frames per second during each of the three obser-
vations.

In-Flight Data

a) Telemetry - None

b) Crew Voice Comments - The following will be voice recorded for
subsequent play-back and transmission to the ground:

1) The duration of the streaming stimulus if other than 2
minutes

2) Time of each photomicrographic observation
3) Spotmeter reading
4) Any unusual conditions observed
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c) Log Books - Same type of data as defined under Crew Voice Com-
ments above may be recorded in crew logs in addition to or
instead of crew voice records.

d) Photographs - A maximum of 150 feet of 16-mm film

e) Return Payload - Log books (if voice logging was not accomplished)
and one 400-foot cassette of 16-mm film containing a maximum of
150 feet of film exposed during ED63 operation (shared with ED74)

For additional details, refer to Appendix A.
Evaluation

The Student Investigator will compare the in-flight results with those
obtained in ground control tests to determine the effects of zero gravity
on cytoplasmic streaming.

Reporting will be conducted in accordance with Section 10 of the ED63
Experiment Requirements Document.
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Student Investigation ED74 MASS MEASUREMENT

Determine mass using a cantilevered
spring beam.

Purpose and Background

The purpose is to demonstrate the use of the laws governing simple
harmonic motion to measure the mass of a small object. A cantilevered
spring beam will be firmly attached to a selected rigid structure within
the Orbital Workshop (OWS). The free end of the beam will incorporate
a simple holding device. The mass to be measured will be attached to the
beam, the beam given an initial deflection, and the period of the oscil-
lations measured by an electronic counter. The period of the oscillations
will be correlated to a mass measurement using an onboard calibration
curve. The accuracy of the calibration curve will be verified using
calibrated masses.

Functional Objectives

® Demonstrate the capability of a cantilevered spring beam to deter-
mine mass in a zero gravity environment.

FO 1) Perform measurements of specified masses and obtain photographic
thru data.
FO 4)

Performance Requirements

a) Baseline Requirement

FO 1) Four mass measurements will be conducted using up to six masses;
thru one using only the calibration mass and three using combinations
FO 4) of additional test masses.

b) Minimum Scheduling Requirement

FO 1) Two mass measurements will be performed; one for the calibra-
thru tion mass and one for a combination of test masses.
FO 4)

¢) Performance Redline

FO 1) One mass measurement will be conducted using the calibration
thru mass.
FO 4)

Performance Conditions

FO 1) Mass measurements will be conducted, and photographic and mass
thru comparison data obtained in accordance with procedures contained
FO 4) in the appropriate checklist.

The test hardware contains six masses of approximately 100 grams
each which can be confiqured into the equivalent of five inves-
tigation masses. A maximum of four combination of test masses
will be used for this investiaation.

DAC photography at 24 frames per second will be required of
the initial beam deflection and for approximately 50 subse-
quent oscillations of the beam and mass. The electronic
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counter display will be positioned in the DAC field of view
during the filming sequences. A maximum of 250 feet of film
may be used. The Mass Measurement investigation requirements
will be selected from the following table:

Duration of Number of
Total Period of Photography Sequence Oscillations
Mass (Grams) Oscillation (Sec) (Sec) Observed
*
~ 200 0.59 30 ~50
~ 300 0.72 35 ~50
~ 400 0.83 40 50
505 0.92 45 ~50
~ 608 1.01 50 50

*
Calibration Mass consisting of two masses.

The magnitude of each mass will be determined using the electro-
nic counter and a calibration curve to be contained in the crew
checklist.

It is highly desirable that this investigation be covered as
part of the Educational Television Program and that the perform-
ing crewman describe the experiment during its operation.

In-Flight Data

a)
b)

c)

Telemetry - None

Crew Voice Comments - The following will be voice recorded for
subsequent play-back and transmission to the ground:

1) The period of oscillation for each mass as read from the
electronic counter display

2) The magnitude of the masses as read from the calibration
curve

3) Any comments related to conduct of the investigation

Log Books - Same type of data as defined under Crew Voice
Comments above may be recorded in crew logs in addition to or
jnstead of crew voice records.

Photographs - Up to 250 feet of 16-mm film

Return Payload - Log books (if voice logging was not accom-
p]is?ed) and one 400-foot cassette of 16-mm film (shared with
ED63

For additional details, refer to Appendix A.
Evaluation

The Student Investigator will analyze the film data and compare the
results with predicted values.

Reporting will be conducted in accordance with Section 10 of the
ED74 Experiment Requirements Document.
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3.3 SUBSYSTEM/OPERATIONAL DTO's
3.3.1 General

Subsystem/operational DT0's contained herein have been approved by
Level II CCB action prior to incorporation into the MRD. Subsystem/
operational DTQ's are activities designed to provide data for real-time
and/or postflight evaluation of subsystems operation or for real-time
mission operations planning.

3.3.2 Subsystem/Operational DTO Assignments

The subsystem/operational DT0's are numbered in accordance with the
following system with decimal numbers running chronologically from 0.1 to

O.n.
1.0
2.0
3.0
4.0
5.0
6.0
7.0
8.0
9.0
11.0
12.0
13.0
14.0
15.0
16.0
17.0
18.0
10.0
20.0

CSM
CSM
CSM
CSM
CSM
CSM
CSM
CSM
CSM
SWS
SWS
SWS
SWS
SWS
SWS
SWS
SWS
SWS

Guidance and Navigation

Attitude Control

Propulsion

Environmental Control

Electrical Power
Communications/Radar/Instrumentation
Thermal/Structures/Mechanical
Sequencing

Controls and Displays

Guidance and Navigation

Attitude Control

Propulsion

Environmental Control

Electrical Power
Communications/Radar/Instrumentation
Thermal/Structures/Mechanical
Sequencing

Controls and Displays

Operational

The subsystem/operational DTO's assigned to this mission are as

shown in Table 3-3.
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20.10 ENVIRONMENTAL MICROBIOLOGY

Obtain in-flight microbioloay samples.
Purpose and Background

The purpose is to obtain in-flight microbiology samples to support
maintenance of the overall Saturn Workshop (SWS) habitability.

The data (FO 1 thru FO 4) to be obtained are mandatory to the assess-
ment and maintenance of a suitable, safe SWS environment including equip-
ment such as air filters and waste management facilities for the develop-

ment of measures for prevention or control of potential crew illnesses on
return visits.

Functional Objectives

® Obtain data to determine the presence and conditions of micro-organisms
on hardware in various locations throughout the SWS.

FO 1) Obtain in-flight microbiological samples from SWS hardware 14 to 16
FO 2) days prior to the end of the mission and again on mission day
54, 55, or 56.

@ Obtain crew body samples from the throat, nasal passage, auditory
canal and between the large and fourth toe of each foot to detect the
presence and conditions of microbial growth.

FO 3) Obtain in-flight microbiological samples from the crew 14 to 16
days prior to the end of the mission.

@ Obtain data for determination of the presence and conditions of micro-
organisms in the SWS atmosphere.

FO 4) Obtain in-flight microbiological samples of the SWS atmosphere on
mission day 55 or 56.

Performance Requirements

a) Baseline Requirement

A total of 30 hardware samples will be obtained consisting of one
from each of 15 Tocations taken 14 to 16 days prior to the end of
the mission and again on mission day 54, 55, or 56.

M m
[N e
N —
—r

FO 3) A total of 12 crew body samples (4 samples per crewman) will be
taken 14 to 16 days prior to the end of the mission.

FO 4) A total of 2 atmospheric samples consisting of 3 separate volumes
each will be taken on mission day 55 or 56.

b) Minimum Scheduling Requirement

FO 1) Same as the baseline reauirement
thru
FO 4)

¢) Performance Redline

FO 1) Not applicable
thru
FO 4)
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Performance Conditions

FO 1)
FO 2)

FO 3)

Fifteen in-flight microbiological hardware samples will be optained
14 to 16 days prior to the end of the mission (FO 1) and again on
mission day 54, 55, or 56 (FO 2).

The microbiological hardware samples will be obtained shortly
after high crew activity periods on the days specified.

Each hardware sample will be obtained by swabbing a 2-inch by 2-
inch area at the marked sites in the following locations:

1) MDA - ECS branching duct between stations 3522.503 and
3566.964 below the -X direction cable tray cover

2) Panel 205 AM - Structural Transition Section
3) Forward dome; hatch cover
4) OWS wall behind film vault
5) Experiment compartment outer wall (panel 614)

6) Sleep compartment entry (intra-grid to the left side of
entry)

7) Experiment compartment wall (within grid above light
switch panel 630)

8) Waste management compartment; odor control debris screen

9) Waste management compartment; fecal and urine collection
subsystems blower compartment door

10) Waste management compartment; exterior of waste processor
drawer 3

11) Waste management compartment; handrail in +X direction
12) Wardroom; surface between panels 760 and 763

13) Top of one wardroom food tray (below heat and time
advisory module)

14) Top surface of trash disposal airlock
15) M092 LBNP device (to the left and right of switch)

Sites 5, 9 and 15 may be substituted with contingency sampling
sites with the appropriate transport tube label change to identify
such contingency site.

Four body samples from each crewman will be obtained 14 to 16 days
prior to the end of the mission.

The microbiological crew sample will be obtained by swab shortly
after crew sleep periods, and prior to personal hygiene or eating.

The four body samples from each crewman will be taken using a
single swab at each of the following sites:

1) Throat (pharyngeal vault and tonsillar area)
2) Each nasal passage
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FO 4)

FO 1)
thru
FO 3)

FO 1)
thru
FO 4)

In-F1

20.10

3) Each auditory canal
4) Between the large and fourth toe of each foot

Site 4 may be substituted with a contingency sample, if any, with
the appropriate transport tube label change to identify such
contingency site.

Two in-flight microbiological SWS atmosphere samples will be
obtained on mission day 55 or 56 at each of the following sites:

1) OWS - beside trash airlock 3 to 4 feet above the deck
2) AM station 0.00 (AM/OWS hatch)

Each sample will consist of separate volumes of SWS atmosphere.
Ten, five, and one minute(s) of atmosphere collection operations
will be performed at each site using a separate plate for each
volume.

The microbiology sample swabs will be placed into Transport Media
Tubes, the handles broken, and the caps replaced on the tubes for
return.

The in-flight microbiology samples at the close of the mission
will be stored in the chiller and placed in the Command Module

Resupply and Return System of the In-Flight Medical Support System
(IMSS) and returned to the ground.

ight Data

Evalu

of th
probl
or co

The s

a) Telemetry - None

b) Crew Voice Comments - Comments relative to the operation and conduct
of the experiment are to be recorded for subsequent dump.

c) Log Books - None

d) Photographs - None

e) Return Payload - Return system of the IMSS.
For additional details, refer to Appendix A.
ation

The returned samples will be analyzed to assess the overall habitability
e SWS, to provide a retrospective analysis of any microbiological

ems with the crew or hardware, and to develop measures for prevention
ntrol of potential crew illnesses on return visits.

Initial processing of samples will be performed on the recovery vessel.
amples will be returned to the Johnson Space Center for identifica-

tion and quantitation of the micro-organisms present. Technical reports

will

be made available as appropriate.
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20.11 OPERATIONAL RADIATION MEASUREMENTS

Obtain external and internal Orbital
Assembly radiation data.

Purpose and Background

The purpose is to obtain radiation data during the Skylab mission
unmanned and manned periods to determine that the accrued or projected
flight crew radiation exposure is within the defined operational dose
Timits. The data to be obtained by use of the Personal Radiation Dosime-
ters (PRD's), Van Allen Belv Dosimeter (VABD), Radiation Survey Meter (RSM),
and Electron Proton Spectrometer (EPS) in support of FO 1 thru FO 56 are
mandatory for proper assessment of crew safety. The VABD data during the
unmanned period (FO 57) will confirm that there has been no significant
change 1in the radiation environment prior to the manned period. The crew
radiation dose and dose equivalent data as integrated by the Crew Passive
Dosimeters (CPD's) in FO 58 are required for medical records and will be
used to demonstrate compliance with radiation protection limits established
for space flights.

Additionally, the purpose of FO 59 is to measure the radiation
environment inside the drawers of the Orbital Workshop (OWS) film vault.
The data from SL-3 mission will be used to verify theoretically predicted
values of radiation exposure of the films during this mission as a basis
for change decisions with respect to film on the SL-4 mission. The
conduct of FO 59 is not mandatory for crew safety or for the accomplish-
ment of mission objectives.

Functional Objectives

® Obtain data to determine any changes in the radiation environment.

FO 1) Obtain data for these FO's in accordance with the 20.11 Table
thru of Baseline Requirements.

FO 3),

FO 5)

thru

FO 28),
FO 30)

thru

FO 53),
and

FO 55)

thru

FO 57)

® (Obtain data to determine the radiation dose during EVA.

FO 4), Obtain VABD and CSM EPS data continuously during EVA. Obtain

FO 29), PRD readings just prior to and just after EVA from all three

ggds ) PRD's. Monitor the RSM radiation dose rate data during LVA.
4
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® Measure the individual integrated flight crew radiation dose (rad)
and obtain data to allow determination of dose equivalent (rem).

FO 58) Wear and return one CPD per crewman which has been worn contin-
uously throughout the mission.

® Determine the cumulative radiation dose for missions SL-2 and SL-3
inside the film vault of the OWS forward compartment.

FO 59) Obtain radiation data from the film vault by use of two CPD's.
Performance Requirements

a) Baseline Requirement

FO 1) The baseline requirement is shown in the following 20.11 Table
thru of Baseline Requirements.
FO 59)
b)  Minimum Scheduling Requirement
FO 1) Same as the baseline requirement
thru
FO 58)

FO 59) None
c¢) Performance Redline

FO 1) Not applicable
thru
FO 58)

FO 59) Any one CPD from the film vault will be useful.
Performance Conditions

FO 1) The South Atlantic Anomaly (SAA) may be generally described as

thru - an elliptical area extending from the equator to approximately

FO 56) 65°S latitude and from 80°W longitude to 50°E longitude. For
the purpose of this DTO, the SAA boundary is defined by isoflux
contour lines of 10 electrons/cm2-sec with energy equal to or
greater than 0.5 Mev as shown in the attached figure.

The Horns of the outer Van Allen Belts extend down to Skylab
orbital altitudes at latitudes 45°N and 45°S. The 0A will
encounter these Horns of the Van Allen Belt at the northernmost
portion of the orbit between 35°W and 120°W longitude and at the
southernmost portion of the orbit between 35°E and 180°E longi-
tude. For the purpose of this DTO, the boundary of the Horns

is defined by isoflux contour lines of 10 electrons/cmé-sec with
energy equal to or greater than 0.5 Mev as shown in the attached
figure.

FO 1) VABD and CSM EPS data will be obtained for the five passes
through the SAA and outer Van Allen Belt Horns which yield
maximum radiation during the first mission day.
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VABD and CSM EPS data will be obtained for the two passes per

day through the SAA and outer Van Allen Belt Horns which yield
maximum radiation for each of the two days preceeding each of

the three EVA's (i.e., mission days 2, 3, 27, 28, 52, and 53 -
presuming that EVA occurs on mission days 4, 29 and 54).

VABD and CSM EPS data are required for the entire time period
of all three EVA's (i.e., mission days 4, 29 and 54).

VABD and CSM EPS data are required only on one pass daily through
either the SAA or Horns for the remaining mission days (i.e., days
5 thru 26, 30 thru 51, 55 and 56).

PRD's will be worn during crew activities the first three mission
days and PRD data will be voice Togged for each crewman during

these days. Specific PRD's will be assigned to individual crewmen.

During mission days 5 thru 28 and 30 thru 53, PRD data will be
voice logged once every 24 hours from PRD's stowed at three
locations. One PRD will be located in the sleep area, the second
PRD will be in the OWS experiment compartment and the third PRD
will be in one of the two scientific airlock locations for these
two days. On days 55 and 56 the PRD's may be located in the
Pressure Garment Assemblies (provided they are readily accessible)
but the PRD's will be read daily for these two days.

On mission day 4 (day of the first EVA), the PRD's will be worn
by all three crewmen. One reading will be obtained from each of
the crewmen before EVA and again after EVA. The PRD readings
before EVA will be taken after the last SAA pass prior to EVA.
The PRD readings after EVA will be taken prior to the next SAA
pass that follows EVA. This same usage of three PRD's will be
fo];owed on mission days 29 and 54 (i.e., the next two days of
EVA).

A spare PRD, stowed in the CM in locker B-1, will be available
for use but there is no requirement to make periodic readings

of this instrument so long as it remains as a spare unit. A1l
four PRD's will be returned to earth for postflight calibration.

For a solar flare of corrected area of at least 15 square degrees
or a 10-centimeter RF burst of greater than 500 flux units

above background, as reported by the National Oceanic and
Atmospheric Administration (NOAA), additional data will be re-
quired from the Orbital Assembly (OA) and other orbital satel-
lites. The OA data will include VABD, CSM EPS, and PRD data

to be obtained as required based on the degree and rate of
radiation environment enhancement. The satellite data will be
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obtained from satellites such as Explorer satellites (IMP-H and

IMP-I), VELA satellites, DSP satellites, ATS-1, TIROS, SOLRAD 9
and SOLRAD 10.

At least three 1-minute readings using the Radiation Survey
Meter (RSM) at the VABD area, will be made and voice logged
anytime prior to mission day 4 (day of EVA). The survey of

this location will be made on a SAA pass that encounters maximum
proton intensity. Each time the RSM is used, it will be pointed
at the closest unencumbered exterior wall of the spacecraft with
the RSM axis parallel to the floor. The RSM reading and time
will be logged at one-minute intervals during each of the three-
minute periods. In addition, the crew will identify the
pointing direction of the RSM by voice log for each reading.

On mission days 4, 29 and 54, the RSM will be removed from its
bracket, placed on a meter range to be determined in real time
by MCC-H, and located where observable by the non-EVA crewman
for each of the three EVA's, Radiation dose rate will be
monitored to verify compliance with the mission rules for
radiation exposure during EVA.

When not in use, the RSM will be stowed in the RSM brackét,
operating on the 1.0 rad/hour range when stowed.

Radiation data from any artificial event will be provided through
NASA Headquarters. VABD, CSM EPS, PRD and RSM data in addition
to that normally scheduled will be obtained as necessary to
define the radiation environment enhancement. Ground-based
riometer data will be obtained from the Guam tracking station.

VABD data will be obtained during the unmanned portion of
mission SL-3 to determine any changes in the radiation environ-
ment since the completion of mission SL-2.

These VABD data will be obtained once every five days from 60
to five days prior to the launch of SL-3. Data will also be
obtained daily during the last three days prior to launch. The
data will be obtained during passes through the SAA and the
Horns.

Each crewman will wear a CPD continuously during the entire
mission. These CPD's will be returned to earth for analysis.

Two CPD's (one each in drawers B and F) will be installed in
the film vault drawers as soon as possible following the OWS
film vault activation during mission SL-2. These two CPD's will
accumulate data during missions SL-2 and SL-3. They will be
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removed from the film vault drawers as close as possible to
the end of mission SL-3 and stowed in the CM for return to
earth.

In-Flight Data

a) Telemetry - VABD and CSM EPS data will be transmitted in real-
time and/or playback mode.

b) Crew Voice Comments - The PRD and RSM readings will be voice
logged for real-time transmission or playback.

c) Log Books - None

d)  Photographs - None

e) Return Payload - Five CPD's (one per crewman and one from each
of two film vault drawers) and four PRD's

For additional details, refer to Appendix A.
Evaluation

Levels of radiation will be reviewed in near real time throughout the
mission for FO 1 thru FO 57 to determine changes and to provide assessment
of hazard to crew health should enhancement of radiation occur. Existing
and projected radiation doses will be assessed prior to the GO/NO GO
decisions for launch and for each EVA.

Crew passive dosimeters will be analyzed postflight for FO 58 to
determine the time integrated dose contribution from high atomic number
particles, neutrons, protons, electrons and other radiations to which the
Crew members have been exposed.

The film vault dose will be evaluated for FO 59 immediately postflight
to assist in determining the radiation dose to the photographic film and
consequent background fogging.
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20.14 ORBITAL ASSEMBLY CONTAMINATION ASSESSMENT

Obtain optical contamination data on the
Orbital Assembly (OA)

Purpose and Background

The purpose is to obtain data to support OA contamination assessment
and evaluation during the SL-3 mission period.

A history of instrument and equipment failure, as a result of
contamination, has evolved during the space program prior to Skylab. Due
to the increased complexity of Skylab systems, manned operations, and the
extended mission durations, there is reason to believe that the spacecraft
may experience the most severe contamination environment of any spacecraft
up to its time. Many control measures have been adopted in the Skylab
program to reduce these contamination effects. It is of considerable
importance to determine the effectiveness of these measures and to obtain
data for the prediction of contamination effects to enable the optimum
usage of experiments. Information from SL-3 can be used for Skylab
mission planning purposes, for the development of operational and design
criteria for future manned spacecraft, and as an empirical data source to
aid in the development of future contamination analyses techniques. In
order to accomplish the evaluation and assessment of the contamination, it
is necessary that Skylab crewmen observe and describe visible vent p1umes
and contamination deposition on windows and various experiment optical
surfaces. Photographs are required of any observed contamination on the
windows and they are desired for the visible vent plumes. It is also
desirable that the crew describe and photograph significant contamination
deposition on external surfaces and solar array assemblies.

The conduct of this DTO is not mandatory for crew safety or for accomp-
lishment of mission objectives. A determination of whether to schedule this
DTO will be made in real time depending on SL-1/SL-2 contamination data
evaluation and/or real-time SL-3 contamination experience.

Functional Objectives

® Obtain data on the contamination effects of certain OA vent plumes
and how these vent plumes and associated contamination change with the
duration of the mission.

FO 1) Observe, photograph, and comment on the characteristics of cértain
OWS vent plumes early in the mission.

FO 2) Observe and comment on the characteristics of certain OWS vent
plumes during midmission.

FO 3) Observe, photograph, and comment on the characteristics of certain
OWS vent plumes late in the mission,

FO 4) Observe, photograph, and comment on the characteristics of certain
OA vent plumes as they occur during the mission.
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@ Ubtain data concerning the contamination on certain OA windows and
how this contamination changes with the duration of the mission.

FO 5) Observe, photograph, and comment on the characteristics of
window contaminants early in the mission.
FO 6) Observe and comment on the characteristics of window contaminants

during midmission.

FO 7) Observe, photograph, and comment on the characteristics of window
contaminants late in the mission.

FO 8) Observe and comment on the characteristics of window contaminants
during normal viewing times.

® Obtain data concerning contaminants deposited on experiment optical
surfaces during the mission.

FO ©) Observe and comment on the characteristics of contaminants on
experiment optical surfaces as the experiments are used during
the mission.

@ Obtain data concerning OWS vent plumes and contaminants deposited
on certain OA external surfaces as viewed during EVA.

FO 10) Observe and comment on OWS vent plumes and contaminants on
external surfaces during EVA.

Performance Requirements

a) Baseline Requirement

FO 1) The baseline requirements are described in the Table of Baseline
thru Requirements.
FO 10)
b) HMinimum Scheduling Requirement
FO 1) None
thru
FO 10)

c) Performance Redline
FO 1) Not applicable

thru

FO 10)

Performance Conditions

FO 1) If contamination of windows and experiment optics is not

thru observed and if vent plumes are not observed negative reporting

FO 10) is acceptable, i.e., no comments or photographs are required.

FO 1) The OWS waste tank vent plume will be observed for visible
FO 3) particles during a dump early (FO 1) (within first eight days)
and late (FO 3) (within the Tast seven days) in the mission.

Observations should begin approximately 5 minutes after the
squeezer bag dump initiation and should last for approximately
20 seconds.
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If the squeezer bag dump plume is visible, it is mandatory that
a photograph be obtained on a subsequent squeezer bag dump.

Photographs may be obtained of the dump following the observation
which revealed a visible vent.

It is desirable to observe the OWS waste tank vent plume during
waterline flush and drain operations at the beginning (FO 1) and
end (FO 3) of the mission.

Observations of the flush and drain operations should begin
approximately 10 minutes after the start of such operation and
last for approximately 20 seconds.

It is desirable to observe the OWS waste tank vent plume during
a squeezer bag dump for the midmission period.

Observations should begin approximately 5 minutes after a
squeezer bag dump initiation and last for approximately 20
seconds.

It is desirable to observe the ONS waste tank vent plume during
an ECS condensate dump when performed.

Observations should begin approximately 10 minutes or later
after ECS condensate dump initiation and last for approximately
20 seconds.

A1l observations should be made from the wardroom window.

Each time the following prime mode free water dumps to the OWS
waste tank occur, the event time will be voice recorded for
relay to earth.

a) Condensate - Initiating time within 3 to 5 minutes accuracy
b) Squeezer bag - Initiating time within 3 to 5 minutes accuracy

c) Waterline flush and drain (beginning and end of mission) -
Initiating times within 3 to 5 minutes accuracy

The molecular sieve vent operation will be observed for visible
particles at least once from the STS viewport (located between
the +Z and -Y axes).

The molecular sieve vent observation should begin at the onset
of the venting and continue for approximately 2 minutes.

If the molecular sieve vent plume is visible, it is mandatory
that a photograph be obtained during a subsequent vent cycle.

If the following contingency mode dumps are used, the initiation
times will be voice recorded.

a) Condensate (overboard from AM) - Initiating time and
terminating time within 1 minute accuracy

b) Urine (free liquid into OWS waste tank) - Initiating time
within 3 to 5 minutes accuracy
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* . .
c) Urine (overboard from CSM) - Initiating time and terminating
time within 1 minute accuracy

* 3 -
d) Waste water (overboard from CSM) - Initiating time and
terminating time within 1 minute accuracy

FO 1) With respect to the comments required during vent observation,

thru the general appearance, angular spread, and approximate length

FO 4) of all visible plumes and the random motions of individual
particles relative to the plume axis are the types of things
that should be described. The comments will be voice recorded
during the viewing period.

Observations and photographs should be made during orbital day-
1ight with the dark sky forming a background for the plume.

A11 light sources which reflect on the window from which
observations and photographs are being made should be extinguished
if possible.

A11 exterior OA Tight sources within the field-of-view should be

extinguished.

FO 1) When making observations from the wardroom window, the T002 hood

FO 2) can be used to minimize undesirable interior light sources.

FO 3)

FO 5) The wardroom window will be observed for contamination deposi-

FO 6) tion trends during early, middle, and late mission periods.

FO 7) The STS viewports between the +Z and +Y axes and the -Z and +Y
axes will be inspected during normal viewing periods during
early, middle, and late mission periods.

FO 8) It is desirable to observe the following windows for contamina-
tion during normal viewing times:

a) -Y +Z and -Z -Y STS viewports
b) EVA hatch window
c) CSM windows

FO 5) The general appearance and location of any contamination,

thru including the particular pane surface(s) upon which it is

FO 8) located, will be voice recorded.

The typical kinds of contamination which may be observed will
generally fall into four broad categories: (1) particulates,
(2) scratches, {(3) thin deposition films and (4) thick films
or smudges. Particulates may be described by their quantity,
estimated size, shape, and location. Scratches may be described
by length, number of scratches per inch, estimated area covered
by the scratches and orientation of the scratches. Thin deposi-
tion films may typically be described by the total area covered,

*
The times for these dumps are required only when the CSM is docked or
within 1,000 feet of the OA.
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by a description of the shape of the deposit, and by the colora-
tion or diffraction effects of the film. These films may create
a diffraction pattern on an optical surface or may show a
uniform iridescent coloring of itself. Smudges are the most
general class and thus the most difficult to describe. The
density of the smudge and the area covered are the only specific
parameters that can be described. It would be helpful if the
source of the smudge can be identified; e.g., finger print,
residue from attempted cleaning.

If contamination deposition is observed on the wardroom window,
or the +Z +Y, -Z +Y STS viewports, it will be photographed during
the early and late portions of the mission.

It is desired to obtain additional photographs at the discretion
of the crew based on the required observation.

The windows should be illuminated by the sun or by reflections
from moon or earth but the light source should not be within
the field-of-view.

It is desirable that the same light source be used for all
observations and photographs.

The OA interior should be as dark as possible consistent with
other experiment operations.

A11 OA Tight sources which reflect on the window from which
observation and photographs are being made should be extinguished
if possible.

A1l exterijor OA light sources within the field-of-view should be
extinguished.

When making observations from the wardroom window, the T002 hood
can be used to minimize undesirable interior 1ight sources.

Inspection will be made of the S190B experiment SAL window and the
S190B camera lens for contamination deposits.

Inspection will be made of the S063 SAL window for contamination
deposits.

Inspection will be made of the T002 optical surfaces for
contamination deposits.

A11 surface contamination noted during the above inspections will
be voize recorded by the crewman.

If the following experiment optical surfaces are cleaned, observa-
tions will be made on the nature of contamination on the surfaces.

a) S019 Mirror

b) S190A

1) Platens

¢ Front lenses (front surfaces)
Filters (both surfaces)

2
3
4) MDA window (inside surface)

— e e
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c) S190B
1) Experiment SAL window
2} Camera lens

d) S192
1) Thermal imaging lens
2) Dewar thermal window
3) Monochromatic imaging lens
4) Dewar monochromatic window

e) M512
1) View port
2) View mirror

f) S063
1) Window
2) Camera lens
3) Filters

g) T002

1) Sextant and stadimeter lenses
2) Neutral density filter

A1l surface contamination noted during the above observations
will be voice recorded by a crewman.

The typical kinds of contamination which may be observed will
generally fall into four broad categories: (1) particulates,
(2) scratches, (3) thin deposition films, and (4) thick films

or smudges. Particulates may be described by their quantity,

estimated size, shape, and location. Scratches may be

described by length, number of scratches per inch, estimated area

covered by the scratches and orientation of the scratches. Thin

deposition films may typically be described by the total area

covered, by a description of the shape of the deposit, and by

the coloration or diffraction effects of the film. These films

may create a diffraction pattern on an optical surface or may

show a uniform iridescent coloring of itself. Smudges are the

most general class and thus the most difficult to describe.

The density of the smudge and the area covered are the only

specific parameters that can be described. It will be helpful

if the source of the smudge can be identified; e.g., finger

print, residue from attempted cleaning.

It is desirable that observations be made (during normally
scheduled EVA) of external surfaces, to include the solar array
assemblies, and emission from the OWS waste tank vent within the
field-of-view of an EVA crewman.

Description of any vent emission and any contaminant on external
surfaces as observed during EVA should be voice recorded.
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In-Fiight Data
a) Telemetry - None

b) Crew Voice Comments - Description of vent plumes, window
contamination, experiment optical surface contamination, times
of vents or dumps, and contamination observed during EVA,
will be voice recorded for playback.

c¢) Log Books - None
d) Photographs - Photographs of vent plumes, window contamination.

e) Return Payload - To be included as a part of the operational
film.

For additional details, refer to Appendix A.

Evaluation

Recorded observations and photographs will be studied and evaluated
for indications of possible degradation of various surfaces due to
contaminant deposition and for the characteristics of exhaust plumes
from various venting operations. Results will be used for mission
support to determine possible need for modification to Skylab mission
planning, corrections to some optical experiment data and for design
inputs to control contamination in future manned spacecraft.
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20.16 WATER SAMPLE

Obtain an in-flight water sample
Purpose and Background

The purpose is to collect an in-flight water sample to verify the
chemical quality of the water.

There is need to determine the level of the chemical constituents of
the water to (1) verify that metal ion specification levels are not exceeded
and (2) determine the metallic ion content of the particulate matter
suspended in the ijon exchange bed product water.

The conduct of this DTO is not mandatory for proper assessment of
crew safety but is mandatory in order that an assessment can be made of
the impact of the potable water constituents in Experiments M071 (Mineral
Balance) and MO73 (Bioassay of Body Fluids).

Functional Objectives

® (Obtain an in-flight potable water samole to verify the chemical
quality of the water.

FO 1) Obtain an 8-ounce sample of water from the food pedestal water
dispenser.

Performance Requirements

a) Baseline Requirement

FO 1) Collect one 8-ounce sample of water from the food pedestal water
dispenser.

b) Minimum Scheduling Requirement
FO 1) Not applicable ,

c) Performance Redline
FO 1) Not applicable
Performance Conditions

FO 1) Collect a water sample during approximately the last week of the
mission.

In-Flight Data
a) Telemetry - None

b) Crew Voice Comments - None

c) Log Books - None

d) Photographs - None

e) Return Payload - An 8-ounce water sample
For additional details, refer to Appendix A.
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Evaluation

The water sample will be chemically analyzed to determine the con-
stituents defined in Potable Water Specification PF Spec 1-D. These data
will be provided to the Principal Investigators for MO71 and MO73 so that
compensations may be made for any potential effects of water constituents.
These data will also be used to verify the continuing acceptability of
the potable water supply.
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IODINE MONITORING

Maintain the desired iodine concen-
tration in potable water tanks for
this and the subsequent mission.

Purpose and Background

The purposes are to obtain in-flight data on iodine concentrations in
the Orbital Workshop (OWS) potable water system and inject iodine, if
necessary, to maintain biocidal activity for assurance of continuing
water potability.

The conduct of this DTO is mandatory in order to assure the preven-
tion of growth of microorganisms in the potable water, and to protect
crew health.

Functional Objectives

® Verify iodine concentration in the potable water system and inject
iodine, if necessary, to maintain biocidal action.

FO 1)

FO 2)
thru
FO 5)

FO 6)

During Orbital Assembly (0A) activation, determine the iodine
concentration in the wardroom water supply tank scheduled for
immediate use.

During OA activation (FO 2) and on mission days 14(+3) (FO 3),
28(+3) (FO 4), and 42(+3) (FO 5), determine the iodine concen-
tration in the water from the water chiller sample port.

Determine the iodine concentration in a minimum of two untapped
wardroom water supply tanks.

Performance Requirements

a)
FO 1)

FO 2)

FO 3)
thru
FO 5)

FO 6)

b)

FO 1)
thru
FO 6)

c)

FO 1)
thru
FO 6)

Baseline Requirement

During OA activation, the iodine concentration will be determined
in the water from the wardroom water supply tank scheduled for
immediate use.

During OA activation, the iodine concentration will be determined
in the water from the water chiller sample port.

On mission days 14(+3) (F0 3), 28(+3) (FO 4), and 42(+3) (FO0 5),
the iodine concentration will be determined in the water from the
water chiller sample port.

Any time during the mission, the iodine concentration will be
determined from at least two untapped wardroom water supply tanks.

Minimum Scheduling Requirement
Same as the baseline requirement

Performance Redline
Not applicable
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Performance Conditions

FO 1) If the iodine concentration in the wardroom water supply tank
during activation is less than four ppm, iodine will be injected
into the tank to achieve a concentration of up to six ppm. If
the jodine concentration in the water tank is less than one ppm,
then water from this tank should not be used for drinking purposes
at this time. A real-time decision will be made concerning future
use of this tank.

FO 2) If the iodine concentration in the water from the water chiller

thru sample port is less than one ppm, then the iodine concentration

FO 5) must be determined in the wardroom water tank in use and iodine
added to result in an iodine residual up to six ppm.

FO 6) When the iodine concentration in at least two untapped tanks is
determined, a real-time decision will be made regarding the re-
quirement to inject iodine into any or all of the untapped water
tanks. The decision will be based on projected iodine depletion
rates, with the rate determined after acquisition of these data.
As a tentative guideline, untapped water tanks intended for use
during the SL-4 mission should be brought to an iodine concen-
tration of at least six ppm.

FO 1) The measuring of iodine concentrations and the injection of
thru jodine, when required, will be in accordance with procedures in
FO 6) the appropriate checklist.

Crew comments will be voice logged regarding all iodine concen-
tration determinations and all additions of iodine to the water
tanks. '

In-Flight Data
a) Telemetry - None

b) Crew Voice Comments - Voice comments will be required in the
following:

1) Iodine concentration in the wardroom water tank sampled
during OA activation and the amount of iodine injected
into this tank at this time

2) lodine concentration in the water from the water chiller
sample port as determined during OA activation and during
mission days 14(+3), 28(+3), and 42(+3) [Note: If the iodine
concentration in the water from this port at mission day
14(+3), 28(+3), or 42(+3) is less than one ppm, then the
jodine concentration from the wardroom water supply tank in
use will be reported. In addition, the amount of iodine
required to raise the iodine concentration in the water supply
tank to six ppm will be reported.]
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3) Iodine concentration in at least two untapped wardroom
water supply tanks (Note: If jodine is added to any of
the untapped tanks, the iodine concentration prior to adding
iodine will be reported. In addition, the amount of iodine
added and the water tank numbers will be reported.)

c) Log Books - None

d) Photographs - None

e) Return Payload - None

For additional details, see Appendix A.
Evaluation

Voice logged data for FO 1 thru FO 5 will be used in near real time
by mission support personnel to determine that the iodine concentration
is at the proper level to assure water potability throughout this mission.
Voice logged data for FO 6 will be used in near real time by mission
support personnel to insure that the iodine concentration in all remain-
ing water tanks is maintained at the proper level to assure water pota-
bility during mission SL-4.
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20.18 CARBON MONOXIDE MONITOR

Obtain data on the carbon monoxide
level in the Orbital Workshop ex-
periment compartment.

Purpose and Background

The purpose is to determine whether there is a sufficient buildup
of carbon monoxide (CO) in the cluster to interfere with the interpreta-
tion of medical experiment results or, in an extreme case, compromise
crew safety.

Virtually all nonmetallic materials used in spacecraft construction
and man, himself, produce small quantities of carbon monoxide. During
an unmanned altitude test a slight, but definite, rise in CO was observed.
It is not known whether the CO level will plateau, nor therefore, the
concentration it may reach. A colorimetric method for determining CO
concentrations is being provided for crew use to allow evaluation of the
problem during flight.

The conduct of this DT0 is mandatory for completion of the mission
objectives and for crew safety.

Functional Objectives

® Obtain data on the level of CO in the OWS experiment compartment,

FO 1) Determine the CO level upon initial entry into the OWS experiment
compartment.

Performance Requirements

a) Baseline Requirement

FO 1) The CO level will be determined as soon as feasible after the
initial entry into the OWS experiment compartment.

b) Minimum Scheduling Requirement
FO 1) Same as the baseline requirement
c) Performance Redline
FO 1) Not applicable
Performance Conditions

FO 1) The procedure for determination of the CO level will be performed
as described on the decal attached to the CO sampling apparatus.

The sample will be collected as soon as feasible after initial
entry into the OWS experiment compartment. A real-time decision
may be made to collect additional samples later in the mission
if the data indicate a potential problem.

The results, in parts per million as approximated by color com-
parison, will be voice logged for each of the eight samples.
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In-Flight Data

a)
b)

c)
d)
e)

Telemetry - None

Crew Voice Comments - The CO level, in parts per million, will
be voice logged.

Log Books - None
Photographs - None
Return Payload - None

For additional details, refer to Appendix A.
Evaluation

The level of CO will be evaluated in near real time by the Toxicol-
ogist and by the Flight Surgeon. The data will also be provided to the
Principal Investigators for Experiments M092 (In-Flight Lower Body Neg-
ative Pressure), M110 Series (Hematology and Immunology Series), and
M171 (Metabolic Activity).
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20.19 SLA DEPLOYMENT OBSERVATION

Observe the deployed SLA.
Purpose and Background

The purpose is to verify correct deployment of the Spacecraft/LM
Adapter (SLA).

The SLA's for Skylab and the Apollo Soyuz Test Project (ASTP) are
identical as regards the deployment mechanism (Block I). The only Block I
SLA flown previously (on Apollo 7) failed to deploy correctly. Correct
deployment of the SLA panels is critical to the ASTP mission to allow
the Command and Service Module (CSM) to dock with and withdraw the docking
module. Immediately after separation of the CSM from the S-IVB the CSM
will be maneuvered to allow the crew to observe the SLA and assess its
deployment. If the SLA panels do not deploy properly, photographs of
the panels will be obtained.

The conduct of this experiment is not mandatory for crew safety or
for the accomplishment of Skylab mission objectives. It is, however,
very important that this DTO be accomplished to provide the desired data
for ASTP.

Functional Objectives

® Observe the deployed SLA.
FO 1) Observe and comment on the deployment of the SLA panels.
Performance Requirements

a) Baseline Requirement

FO 1) Perform visual observations of the deployed SLA panels and make
a verbal report.

b) Minimum Scheduling Requirement
FO 1) Same as the baseline requirement
c) Performance Redline
FO 1) None
Performance Condition

FO 1) The CSM will be maneuvered in pitch as soon as possible after
CSM/S-1IVB separation to allow crew observation of the SLA.

The crew will record voice comments on the estimated deployment
angle of each SLA panel.

If it is determined that one or more of the SLA panels did not
deploy properly, then the crew will photograph the deployed SLA
panels using a Hasselblad 70-mm camera.

Translation maneuvers which perturbate the CSM state vector will
not be made to enhance either visual or photographic observations.
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In-Flight Data

a)

Telemetry - None

Crew Voice Comments - Voice record and/or real-time voice com-
ments of crew observations.

Log Books - None (unless crew voice logging cannot be accomplished)
Photographs - 70-mm photographs if required

Return Payload - Log books (if voice logging was not accomplished)
and photographs, if required. (Photographs required for this DTO
will be charged to operational film payload).

For additional details, refer to Appendix A.
Evaluation
Data will be provided to the ASTP Program Office for evaluation.
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